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INTRODUCTION 


HE mechanisms of the origin of chromosomal aberrations remain 
"haan obscure. Two hypotheses have been advanced, namely the 
so-called “contact” (SEREBROVSKY 1929) and the “breakage first” (STADLER 
1932) hypotheses. Without considering them in detail, one may say that 
the discrimination between them has proven to be very difficult, since most 
observable phenomena can be accounted for on either basis (CATCHESIDE 
1938a, b, MULLER 1938, BAUER, DEMEREC, and KAUFMANN 1938, BAUER 
1939, SAX 1940, and others). The discovery that chromosomal aberrations 
are not only laboratory products but commonly occur in natural popula- 
tions as well has raised a variety of new problems. Thus in Drosophila, 
translocations and inversions are very common among induced aberrations, 
while only inversions are found in natural populations (DoBzHANSKy and 
STURTEVANT 1938). In Drosophila pseudoobscura the third chromosome is, 
in nature, far more variable than the rest, while in other species several 
or all chromosomes are about equally variable (Drosophila melanogaster, 
DvBININ and collaborators 1934; Drosophila azteca, DOBZHANSKY and 
SOKOLOFF 1939; Drosophila algonquin, M1LLER 1939). DoBZHANSKY and 
STURTEVANT (1938) have raised the questions as to whether or not the 
chromosomes are equally breakable at any point and whether or not it is 
necessary to assume that every one of the naturally occurring chromosomal 
variants (particularly inversions) has arisen from a definite source and 
arisen only once. The investigation to be reported in the following pages 
has been started in the hope of securing data that would have a bearing on 
Some of the above problems. 


MATERIAL AND METHOD 


Males from the “Texas” strain were treated with X-rays and crossed to 
females from the orange purple strain of Race A of Drosophila pseudo- 
obscura. Both strains are known to have the Standard gene arrangement 
in the third chromosome. The treatment, amounting to 5000 r-units, was 
administered for sixty minutes from a Westinghouse High Voltage Deep 
Therapy Tube. The flies were shielded by a 1/16 inch copper plate. From 
five to seven treated males were mated to from five to eight untreated’ 
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2 R. G. HELFER 
TABLE 1 





The distribution of the various classes of aberrations observed (raw data). 








TWO BREAK CASES 





Inversions Translocations 
Chromosome Number Chromosomes Number 
II 10 II-IlI 15 
III 5 II-IV II 
IV 9 II-V 2 
XR ¢ II-XR 5 
XL I II-XL I 
II-Y 3 
Duplications III-IV 3 
IV I IlI-V I 
Deletions IlI-XR 2 
II I III-XL 3 
Ill I III-Y 2 
IV I IV-V I 
XR I IV-XR 7 
XR-XL I 
THREE BREAK CASES 
Translocations Inversions 
Chromosomes Number Chromosomes Number 
II-XL-XR I III (tandem) I 
XL-IV-II (branch) I IV (mosaic) I 
II-III-IV (intercalation) I 
Translocations involving transfer of interstitial Inversion and translocation 
sections of one chromosome into another 
Section of IV into III I Inv. III, Tr. I-III 2 
Section of III into Y I 
Section of II into IV I 
FOUR BREAK CASES 
Translocations Inversions and translocations 
Chromosomes Number Chromosomes Number 
XL-XR-II-V I Inv. III, Tr. I-IV 2 


III-IV and IV-XR 

III-IV and III-Y (mosaic) 
II-III and II-Y 

II-XL and IV-XR 

III-Y and II-1V 

II-III and II-LV 

II-IV and II-III 

II-XR and XR-XL 
III-II and IV-XL 

II-IV and IV-II 


Inv. III, Tr. IV-Y I 
Inv. II], Tr. XR-XL I 
Inv. II, Tr. IV-III I 
Inv. II, Tr. II-XL I 
Inv. II, Tr. II-IV I 
Inter- and Intrachromosomal Translocations 
Intrachromosomal in XR, 


Interchromosomal ITI-XR . 


ee ee ee ee | 


FIVE BREAK CASES ‘ ' 
Inversions and translocations 


Translocations 
Chromosomes Number Chromosomes Number 
II-III-Y-II-ill I Complex Inv. IV, Tr. IV-V I 
IlI-II-Y-II-V I Inv. II, Tr. II-IV, Tr. XR-V I 


Inv. III, Tr. Section of IV into III I 
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TABLE 1—Continued 


Complex translocation involving exchanges 


and transfer of interstitial section of one Inversions and intrachromosomal 
chromosome into another translocations 

Tr. II-Y, Section IV to Y I Inv. II, Intrachromosomal Tr. IV I 

Tr. II-XR, Section IV to XL I 

Tr. XL-IV, Section XR to XR I 


SIX BREAK CASES 


Complex translocation involving maternal and Complex translocation involving deletion and 
paternal chromosomes inversion of chromosomes 
Chromosomes Number Chromosome Number 


II-II-II-II and II-IV I Del. III, Tr. I11-IV, Del. and Inv. II I 





females per culture. In order to insure that the females were impregnated 
only with sperm which was mature at the time of treatment, the parents 
were allowed to remain together for three days, after which time the males 
were removed. ‘The females were transferred to fresh bottles every three 
days, and the cultures were kept at 17°C. 

The larvae of the F; generation were dissected from day to day as they 
matured. The salivary glands were placed in saltcellars with acetocarmine 
for about four to six minutes. The stained glands were made into perma- 
nent slides, using the techniques described by BAUER and BRIDGES (1936). 
Care was taken to place on each slide only the two glands of a single in- 
dividual, well separated from each other. In the event one or both glands 
had become fragmented, each piece was crushed so as to have it occupy a 
separate area on the slide. These precautions proved to be very important, 
since they made it possible to establish unequivocally the presence of 
mosaic aberrations. Observations were made with tue aid of a Zeiss oil- 
immersion objective (X 90) and oculars (X 15). 


CHROMOSOME ABERRATIONS 


A total of 413 slides, each representing a single F; individual, were 
examined. Among them, 281 slides (138 females and 143 males) were found 
to contain apparently normal chromosomes. In the remaining 132 slides 
(74 females and 58 males) chromosomal aberrations were detected. It 
must be noted that this fraction of the individuals showing aberrations 
represents only a minimum estimate. Although care was exercised to de- 
tect aberrations of any kind, very small changes, such as deficiencies and 
duplications for single discs or small groups of discs, might have been 
missed. Likewise translocations between the heterochromatic regions of 
two or more chromosomes were probably overlooked. The different classes 
of aberrations found in the modified individuals are shown in table 1. 
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DISTRIBUTION OF BREAKAGE POINTS AMONG THE CHROMOSOMES 


The material obtained may be analyzed in a variety of ways. The first 
question that arises is whether or not some of the chromosomes are more 
likely than others to undergo breakage. The total number of induced 
breaks recorded in all chromosomes is 347. Their distribution in the dif- 
ferent chromosomes is shown in table 2. In this table the two limbs of the 
X chromosome (XR and XL) are treated as separate chromosomes. 


TABLE 2 


Total number of chromosome breaks observed. 











Chromosome II Ill IV XR XL V Y 
— g 47 27 40 36 15 6 
breaks roi 57 37 41 2 ° 
Total 106 64 81 36 15 8 ° 
Heterochromatic| 9 I 4 3 4 ° 
breaks rt I 6 ° ° 14 
Total 2 10 3 4 4 ° 14 
Grand Total 108 74 84 40 19 8 14 





The number of breaks observed in the chromosomes are not alike (108 in 
II, 74 in III, 84 in IV, 40 and 19 in XR and XL, respectively, eight in V, 
and 14 in Y). Since, however, the chromosomes of Drosophila pseudoobscura 
are not equal in length, this factor must be taken into account. At meta- 
phase, the three rod-shaped autosomes, II, III and IV, are approximately 
equal, the dot-shaped chromosome V is at most one-tenth of the length of 
the rod-shaped ones, and the two equal arms of the X are slightly longer 
than the rod-shaped autosomes. The Y chromosome in the Texas strain 
is relatively very short (DoBZHANSKY 1935) being of about the same length 
as the rod-shaped autosomes. In the salivary gland cells, the relative 
lengths of the chromosome limbs are decidedly unequal. Here, however, 
the problem is complicated by the presence of two types of chromatin, 
namely euchromatin and heterochromatin (PAINTER 1935, BAUER 1936). 
Since the recent works of KAUFMANN and DEMEREC (1937) and BAUER 
(1939) have shown that the heterochromatic portions of the chromosomes 
of Drosophila melanogaster may differ in susceptiblity to breakage from the 
euchromatic portions, it is important to distinguish between the hetero- 
chromatic and euchromatic breaks in our material. 

No exact measurements of the hetero- and euchromatin in Drosophila 
pseudoobscura have been published. BAUER (1936) has made some rough 
estimates in the prophase chromosomes of nerve cells. According to him, 
the second chromosome has only very little heterochromatin near its 
spindle attachment. The third and fourth chromosomes and the right 
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limb of the X chromosome have considerably more heterochromatin than 
the second, while in the left limb of the X at least the proximal one-thir 
of the length is composed of heterochromatin. As to the relative lengths of 
the euchromatic portions in the salivary gland chromosomes, one may em- 
ploy the maps published by DoszHansky and TAN (1936) and Tan (1937) 
as a standard of comparison. In these maps, the ratios of the lengths of the 
euchromatic portions of the II, XR, IV, III, XL, and V, are approximately 
10:10:8:7:5:0.5, respectively. 

Table 2 shows the number of breaks observed in the euchromatic regions 
of the chromosomes. The expected numbers of such breaks are computed 
on the basis of the relative lengths of the euchromatic portions of these 
chromosomes. Moreover, the figures for the right and left limb of the X 
have been corrected for the sex ratio observed among the larvae studied. 
It is obvious that the female larvae contain the treated X chromosome 
and no Y chromosome; while the male larvae have only the untreated 
X chromosome in which no induced breaks are expected and a treated 
Y chromosome. The correction factor for the sex difference turns out to be 


TABLE 3 


x?’s for one degree of freedom calculated from the expected versus the observed distribution of 
breaks among the chromosomes (on the basis of salivary length ratios). 











CHROMO- RELATIVE EUCHROMATIC REGIONS HETEROCHROMATIC AND 
SOME LENGTHS ONLY EUCHROMATIC REGIONS 
9 9S AND 9 9S AND 
9s o'd's o'o's 99s ad's ad's 
II 10 0.541 ©.370 3-759 0.072 0.039 1.700 
XR 10 0.917 4.362 0.825 3.965 
IV 8a 1.147 0.156 1.640 ©.995 1.376 ©.794 
Ill 7 0.221 0.035 0.103 0.054 ©.0001 0.800 
XL 5 1.768 5-453 0.724 2.831 
V 0.5 7.165 0.193 2.964 5.900 0.377 2.198 
Y 0.5 38.776 





1.896. The observed and expected values do not show a very close fit. The 
resulting x”’s are given in table 3. The deviation is especially large for the 
two arms of the X chromosome. The expected euchromatic breaks may be 
recalculated. separately for the females and for the males, respectively. 
Here the agreement between the observed and the expected is very satis- 
factory (table 3), except that chromosome five seems to have more breaks 
than its due. It must be noted, however, that the determination of the 
length of this chromosome compared to that of the others is only approxi- 
mate. The breaks in the heterochromatic regions are definitely more 
frequent in the third and X chromosomes than in the second and fourth 
chromosomes (table 2). As far as the second chromosome is concerned, 
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this might have been expected in view of the scarcity of heterochromatin 
in this chromosome (see above). 

It is justifiable to conclude that the induced breaks are distributed 
among the chromosomes more or less in proportion to their lengths as seen 
in the salivary gland cells. In this respect the induced breaks are very 
different from the naturally occurring ones. According to DoBZHANSKY 
and STURTEVANT (1938), the third chromosome of Drosophila pseudo- 
obscura is decidedly more variable than all the rest. The present data agree 
with those of BAUER, DEMEREC, and KAUFMANN (1938), to the extent of 
showing that the number of breaks in the heterochromatin is much greater 
than would be expected from its length in the salivary gland cells. No 
proportionality to the lengths of the mitotic chromosomes is observed; 
however, table 2 seems to show that the numbers of the hetero- and eu- 
chromatic breaks combined are not equal in all the rod-shaped autosomes 
and in the two limbs of the X chromosome, as they would be expected to 
be in view of the approximate equality of the lengths of these chromosomes 
at mitosis. These data are perhaps most consistent with the assumption 
that the frequency of breaks in the heterochromatin is higher than would 
be expected from its length in the salivary gland cells, but lower than ex- 
pected from its length in the mitotic prophases. 


DISTRIBUTION OF THE INDUCED BREAKS IN THE THIRD CHROMOSOME 


As shown above, no chromosome or chromosome limb stands out among 
the rest with respect to its high or low breakability. This does not mean, 
however, that certain sections within each chromosome may not be more 
likely to undergo breakage than others. To test this possibility, the posi- 
tions of the observed breakage points within the chromosomes must be 
determined. At present this has been done only for the breaks in the third 
chromosome, which is of most interest for the purpose of comparison of 
the distribution of the induced and natural breaks. The map of the third 
chromosome as seen in salivary gland cells published by DoszHANsky and 
STURTEVANT (1938) was used as a standard. This map is divided into 19 
sections and 68 subsections. All the induced breaks have been localized 
to sections and subsections, and an attempt was made to localize some of 
the breaks even more exactly, if possible to a disc. Such an exact localiza- 
tion is evidently desirable for those induced breakage points whose position 
more or less coincides with certain natural breakages. 

The number of induced breaks observed in each section is shown in 
table 4. This table shows also the number of discs recorded for each section. 
These latter data were supplied by PRorEssor DoBzHANsky. Some of the 
breaks proved to lie at the boundaries between the sections; for statistical 
analysis these are counted as one-half of a break belonging to each of the 
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two neighboring sections. The number of breaks per section varies from 
zero (in section 63) to seven (in sections 66, 70, and 79) and ten (hetero- 
chromatin). This fact does not necessarily mean, however, that some sec- 
tions are inherently more breakable than the rest. In the first place, the 
number of discs is greater in some sections than in others, and secondly, a 
certain amount of variation must be expected even if the breaks are dis- 


TABLE 4 


Distribution of breaks in the euchromatic regions of the third chromosome 
(combined data for both sexes). 








NUMBER OF NUMBER OF BREAKS 








SECTION PRLS x PROBABILITY 
DISCS OBSERVED EXPECTED 
Hetero- 
chromatin 10 
63 40 ° 4.621 4.621 
64 25 2.888 0.237 
65 24 I 2.773 1.134 
Total 89 3 10.282 5-157 ©.05-0.02 
66 45 7 5-199 0.629 
67 39 2 4-505 1.393 
68 37 2 4-274 1.210 
Total 121 II 13.987 0.634 0.§ -0.3 
69 45 4 5-199 0.277 
70° 39 7 4-505 1.382 
71 21 I 2.426 0.838 
Total 105 12 12.130 0.0014 ©.98-0.95 
72 28 5-5 3-235 1.586 
73 26 2.5 3.004 0.846 
74 22 I 2.542 ©.935 
75 26 6.5 3.004 4.069 
76 27 I 3-119 1.440 
Total 129 16.5 14.903 0.171 ©.70-0.60 
77 13 4 1.502 4-154 
78 23 3-5 2.657 0.267 
79 29 7 3-350 3-977 
80 21 4 2.426 1.021 
81 24 2 2.773 0.216 
Total 110 20.5 12.708 4.778 ©.05-0.02 
Grand Total 30.268 ©.05-0.02 
10.741 ©.05-0.02 





tributed perfectly at random. The problem must be examined statistically. 
On the assumption that the likelihood of breakage is proportional to the 
number of discs included in any part of the chromosome, one may compute 
the number of breaks expected to fall in any one section from the observed 
total of 63. From the differences between the observed and the expected 
values, the x? values for each section may be computed (table 4). Each 
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of these x”’s have one degree of freedom. Summing them up together, a 
general heterogeneity x” is obtained which has 18 degrees of freedom. This 
heterogeneity x” has a value of 30.268, which indicates that the observed 
heterogeneity may occur by chance in from five to two trials per hundred. 
This seems a rather significant heterogeneity. To determine more ac- 
curately what region or regions are responsible, the chromosome was 
divided into five more or less equal parts. The most distal of these parts 
contains 110 discs and includes the sections 77 to 81. The number of 
breaks expected in this part on the basis of random distribution is 12.7, 
and the number observed was 20.5. This difference between observation 
and expectation is 7.8 breaks; the x? (equal to 4.778 for one degree of 
freedom) has the probability of chance occurrence of 0.05 to 0.02. The 
next portion includes sections 72 to 76 and contains 129 discs. The dif- 
ference between the observed and expected numbers of breaks has a x? of 
0.171 and is not significant. The third and fourth portions include sections 
69 to 71 and 66 to 68, respectively. The number of observed and expected 
breaks in these portions agree very well. Finally, the most proximal portion 
of the chromosome contains sections 63 to 65 and has 8g discs. The ob- 
served number of breaks in this portion is three, while the expected number 
is 10.28. The corresponding x’ is 5.157; the probability of such or greater 
deviation occurring by chance is between 0.05 to 0.02. The conclusion can 
be drawn that, at least in the third chromosome, the frequency of induced 
breaks is somewhat higher in the distal portion than in the middle and 
somewhat higher in the middle than in the proximal portion. This observa- 
tion agrees with those of BAUER, DEMEREC, and KAUFMANN (1938) and 
BAUER (1939), who found that the distal portions of the chromosomes of 
Drosophila melanogaster are more breakable than the proximal portions. 

With the exception of the inequality in the distribution of the induced 
breaks just described, there is no certain indication that any one portion 
of the chromosome is more or less likely to break than the rest. To be sure, 
the possibility cannot be entirely excluded that such inequality exists. 
Thus, no breaks were observed in section 63, while 4.6 breaks were ex- 
pected for this section. On the contrary, four breaks were observed in 
section 77, while only 1.5 breaks were expected (table 4). These deviations 
are almost statistically significant. It must be noted, however, that section 
63 lies next to the heterochromatin, and breakages in this section might 
have been missed. 

A comparison may now be made of the breaks induced in the third 
chromosome by the X-ray treatment with those observed in the natural 
chromosomal variations by DoBzHANsky and STuRTEVANT (1938). The 
loci of these “natural” breaks are recorded in the paper just referred to, 
and PROFESSOR DOBZHANSKY has supplied more exact data for these, as 
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well as for certain other natural breaks observed in the third chromosome 
since the time of publication of his paper. The data for the natural breaks 
are shown in table 5. Certain differences between the distribution of the 
induced and natural breaks are apparent at once. Among the 73 induced 
breaks in the third chromosome (table 4), ten were in the heterochromatin, 
while among the 38 natural breaks none is heterochromatic. The number 
of the natural breaks so far recorded is too small for an exact statistical 
analysis. It may be noted, however, that the greatest numbers of natural 
breaks were observed in sections 76 and 79 (five in each), and no breaks 
were observed in sections 66, 67, and 73. The number of induced breaks 


TABLE 5 
Distribution of breaks in natural and induced inversions. 











NATURAL INDUCED 

1. 64C-69D (Cuernavaca) Heterochromatic region—65C 
2. 65C-75C (Pikes Peak) Heterochromatic region—7oC 
3. 68D-74B (Tree Line) Heterochromatic region—75B/C 
4. 68C—79A (Santa Cruz) Heterochromatic region—81A 
5. 69C-76C (Oaxaca) 64B-75/76 

6. 69C-79A (Estes Park) 66B/C-77B 

7. 70B-76B (Arrowhead) 69B-77/78 

8. 7oD-78A (Chiricahua I) 70A-72/73 

9. 70C-79B (Texas) 70A-74A 
10. 70/71-73/74 (Sequoia I) 72A-75B 
11. 70/71-77/78 (Klamath) 75B-78A 
12. 71C—79D (Cowichan) 78C-80C 
13. 71C-81A (Ukiah) 


. 72B-77A/B (Hidalgo) 

. 75C-80A (Olympic) 

. 76A-79D/80A (Hypothetical) 
. 76A-79D (Mammoth) 

. 76A-78A .Wawona) 

. 77A/B-81C (Sequoia IT) 


ee 
Co On nun > 





in section 76 is below, while in section 66 it is above the expectation. The 
number of natural breaks found in the proximal one-fifth of the chromo- 
some is very low (two). The number of natural breaks found in the distal 
one-fifth of the chromosome is relatively high (13). To this extent the dis- 
tribution of the natural and induced breaks parallel each other. 

Another point of comparison of the natural and induced breaks suggests 
itself. As shown by DoszHANsky and STURTEVANT (1938), the different 
gene arrangements of the third chromosome encountered in nature may 
be derived from each other by inversions. Twelve different inversions were 
induced by X-ray treatment. A comparison of the induced and naturally 
occurring inversions can be made (table 5). As already mentioned above, 
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none of the latter involve breaks in the heterochromatic region, while 
among the induced inversions, four have one break in heterochromatin. 
None of the induced inversions is identical or even similar to any of the 
natural ones with respect to the position of its breakage points. Five among 
the natural inversions—namely, Pikes Peak, Arrowhead, Klamath, Ukiah, 
and Hypothetical—are derived directly from the standard gene arrange- 
ment. None of the induced inversions resembles any of these. 

An inquiry should also be made to determine if any of the induced 
breaks (whether observed in inversions or in other types of aberrations) 
coincide with any of the natural breaks. With 63 induced and 36 natural 
breaks in the euchromatin of the chromosome, some breaks were bound 
to occur rather close to each other. To determine whether or not any two 
of these breaks had actually taken place at the same point, such neighbor- 
ing breaks were examined very carefully. One of the induced breaks (in 
subsection 75C) proved to be identical, apparently, with one of the breaks 
in the natural inversion Pikes Peak. No more coincidences of this sort were 
established with certainty, although two more cases may be considered as 
questionable coincidences. An induced break in section 69C may possibly 
have occurred at the same point as the breaks in Oaxaca and Estes Park, 
although the location of the latter is not exactly established (section 69C is 
one of the most difficult ones for observation). The natural inversion 
Cowichan has both its breaks (75B/C and 79C/D) closely mimicked by 
two induced breaks observed in different treated individuals. Breaks 
induced in sections 75C and 81A are similar to, but probably not identical 
with, the breaks observed in the natural inversions Olympic and Ukiah, 
respectively. 

The conclusion is justified that the loci at which the third chromosome 
has been observed to be broken in the naturally occurring inversions are not 
especially breakable under the influence of X-rays. Furthermore, none of 
the naturally occurring inversions has been reproduced as a result of X-ray 
treatment. 


DISTRIBUTION OF MULTIPLE BREAKS AMONG CHROMOSOME LIMBS 


BAUER, DEMEREC, and KAUFMANN (1938) and BAUER (1939) have 
shown that following X-ray treatment inversions occur more frequently 
and translocations somewhat less frequently than expected if the distribu- 
tion of breaks were random. It is of interest to inquire whether a similar 
phenomenon is observed in Drosophila pseudoobscura. If two, three, four 
or more chromosome breaks are induced in the same gamete, their dis- 
tribution among the different chromosomes may be calculated with the 
aid of the simple formula (a+b+c+d+e)". In this formula the letters 
a, b, d, c, and e represent the relative lengths or break probabilities in the 
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five chromosome limbs; and n representsthe number of breaks investigated. 
In order to simplify the calculations, all the chromosome limbs inDrosophila 
pseudoobscura, with the exception of V, may be assumed to be equal. The 
error incurred due to this assumption will be too small to be of much 
significance in the calculation. 

Cases in which two breaks were observed will be considered first. If the 
distribution of the breaks were at random they would have occurred in the 


TABLE 6 


Distribution of multiple breaks among the chromosomes. 








NUMBER NUMBER OF CASES PERCENT 





DISTRI- PROBA- 
OF OB- EX- x? 
BUTION BILITY 
BREAKS TOTAL SERVED PECTED 
2 I, I 35 22 57 61.95 80 3-744 0.05 
2 20 15 35 38.04 20 14.976 0.01 
t, 2 I 3 30.0 
3 a ° 5 5 50.0 
3 I I 2 20.0 
2,2, 1 4 6 10 52.63 
£8 % ® = I 4 21.05 
4 3, 1 3 I 4 21.05 
2, 2 I ° I 5.26 
4 ° ° ° 
+t, 2,2 2 2 4 
a ° I I 
5 3,2 I I 2 
4) 3;.1 I ° I 
4,1 I ° I 
2, 2, 35% 
3, I, I, I 
6 4,'4,'2 ° I I 
4, I, I 
a ° I I 





same chromosome limb in 20 percent of the cases, and in different limbs in 
80 percent. The forme: are recovered as inversions and the latter as trans- 
locations. Hence the relative frequencies of inversions and translocations 
among the two-break aberrations raust be as 1:4. Table 6 shows that this 
is not at all the case, since 35 inversions and 57 translocations were ob- 
served. The difference between the observed and expected figures is 
statistically very significant. 

Similar calculations may be made for the gametes in which three, four, 
or more breaks occurred (table 6). Since the number of such cases in these 
data is small, no statistical analysis could be made. Nevertheless, the data, 
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as far as they go, confirm the conclusion of BAUER, DEMEREC, and Kaur- 
MANN that a disproportionately high number of inversions occur. 


THE DISTANCE BETWEEN BREAKAGE POINTS 


As shown in the preceding paragraph, the distribution of the induced 
breaks among the chromosome limbs, as well as their distribution within 
the third chromosome, may, with certain reservations, be said to be 
random. Up to now, however, only the distribution of breaks taken one at 
a time has been considered. The problem has still another aspect. If 
several breaks occur in a single cell, will they occupy certain predestined 
positions with respect to each other? In other words, is the distance be- 
tween breaks in the same or in different chromosomes more or less fixed, 
or are the breaks independent? BAVER, DEMEREC, and KAUFMANN (1938) 
have worked out a statistical technique for testing the dependence or in- 
dependence of the breakage points. Although the data available for the 
distribution of the induced breaks for the third chromosome of Drosophila 
pseudoobscura are too scanty for a detailed statistical treatment, the 
calculations made indicate that the positions of the breaks with respect 
to each other are independent. This is in accord with the results of BAUER, 
DEMEREC, and KAUFMANN (1938) and BAvER (1939) for Drosophila 
melanogaster. 


NUMBER OF BREAKS PER SPERM 


The number of aberrant sperms in which two, three, four, five, and six 
breaks were observed is shown in table 1. From these data the average 
number of breaks per changed spermatozoan may be computed. This 
proved to be 2.63 +0.13. This value obtained for Drosophila pseudoobscura 
is significantly lower than those obtained by BAUER, DEMEREC, and 
KAUFMANN (1938) and BAUER (1939) for Drosophila melanogaster with a 
similar amount of X-ray treatment (sooo r-units). These figures are 
3.126+0.164 and 3.21 +0.11, respectively. The cause of this difference is 
unknown. 


MOSAICS 


In the course of the present study several unusual types of chromosomal 
variations were recorded. The first group to be described is that of mosaics. 
Mosaic gene mutations (fractionals) have been known for a long time, but 
only very recently L. V. MorGan (1939) has described a spontaneous 
translocation in Drosophila melanogaster which was observed in some cells 
of a salivary gland of an individual but not in others. LEwitsky and 
ARARATIAN (1931) have also described what appears to be chromosomal 
mosaics in Crepis treated with X-ray. Some of the slides in the present 
investigation proved to have two or more sorts of cells, showing that the 
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larvae from which these slides were made were mosaics. A suspicion arose 
that this might be due to contamination, but several facts rule out this 
possibility. 

A description of two of the mosaics has already been published (HELFER 
1940). It will suffice here to state that one of them had two kinds of tissue, 
while the other had four. In the latter, some cells had normal chromosomes; 
others had a III-Y translocation; others a III-IV translocation; and still 
others a combination of the III-Y and the III-IV translocations. Since 
the publication of the above report, five more mosaics have been found. 
The most interesting one among these involves threetypes of tissue. Among 
19 cells which were found to be satisfactorily analyzable, four cells con- 
tained normal chromosomes; in 15 cells an inversion in the fourth chromo- 
some extending from the boundary between sections 83 and 84 to the 
proximal part of 89 was present; while a single cell had an inversion whose 
proximal break coincided with that in the inversion just described, while 
the distal break fell in section 99 near the border of 98. The remaining four 
mosaics consisted each of two types of tissue, one containing normal and 
the other aberrant chromosomes. One of the latter involved an XR-IV 
translocation, and the two others II-III translocations (of course, different 
ones). 


A REARRANGEMENT INVOLVING MATERNAL AS WELL AS 
PATERNAL CHROMOSOMES 


Another interesting type of aberration observed was one which can be 
explained best on the assumption that two homologous strands of the 
same chromosome were involved. The fact which affords the evidence for 
this assumption is the presence of two “trifurcations” (fig. 1A). A “trifurca- 
tion” is a configuration wherein three chromosome strands meet at one 
point to form a Y-shaped figure (fig. 1B). Such a configuration in the 
salivary chromosomes is possible only if two homologous chromosomes are 
involved. There is a total of six breaks in the rearrangement which in- 
volved the second and fourth chromosomes, of which five are in the second 
(three in one homologue and two in the other) and one is in the fourth 
chromosome. In order to trace more clearly the rearrangements observed, 
the chromosomes are lettered. The normal sequence for the second chromo- 
some is represented as AB C D EF G H and the fourth chromosome as a8. 
To distinguish between maternal and paternal strands, the paternal homo- 
logues of these two chromosomes are designated by the primes of the above 
letters. The four resulting strands observed in this rearrangement are 
ABCDEH, A’ G’ F’ E’ D’ 8’, a8, anda’ C’ B’ GF H’. These four gene 
sequences may be obtained in three simple steps. Let us assume that the 
X-rays caused the second chromosome of the sperm to break at three 
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FiGuRE 1.—Diagrammatic sketches of four chromosomal aberrations: (A) an aberration in- 
volving both maternal and paternal chromosomes, (B) another view of (A) showing a trifurca- 
tion, (C) an aberration involving a terminal intercalation, (D) an aberration involving a side 
attachment. 
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different loci and the fourth at one locus; these breaks did not take effect 
immediately. It is possible that during the first mitotic division of the zy- 
gote two spontaneous breaks occurred in the maternal homologue of the 
second chromosome. As a result, a section (F G) might have become de- 
leted from this maternal strand and transferred to the paternal strand at 
H’; then the two most distal of the three breaks in the paternal strand 
(between A’ and B’; and G’ and H’) might reunite in inverted order and 
the medial break (between D* and C’) reattach to the broken ends of the 
fourth chromosome. This hypothesis favors the “breakage first” theory of 
chromosomal rearrangements. 

The alternative hypothesis proposed to explain the origin of this aber- 
ration was kindly suggested by Dr. B. P. KAuFMANN (personal com- 
munication). He suggests that the two second chromosome homologues 
observed in this aberration are both of paternal origin. The main weakness 
of this hypothesis is its failure to account for the absence of the maternal 
second chromosome, since according to this hypothesis one should expect 
the individual to contain the second chromosome in triplicate. Such an 
individual would be inviable (TAN 1937). It is possible, however, that the 
maternal second had been eliminated at some very early division leaving 
the cell with only the two paternal homologues. Although this hypothesis 
seems less likely, it cannot be disregarded, since as the evi'«uce available 
does not distinguish between them. It is interesting to note that on either 
hypothesis the behavior of the untreated maternal second chromosome is 
abnormal. 


TERMINAL INTERCALATION 


A very complicated aberration was observed which involved the inter- 
calation of the free end of the third chromosome into a break in the fourth 
chromosome (fig. 1C). This aberration also contained a duplication for the 
tip of the fourth chromosome. Such duplications for parts of chromosomes 
have been observed in Drosophila melanogaster (KAUFMANN and BATES 
1938) as well as in several other aberrations in the present investigation. 
In the present rearrangement the third chromosome was broken in the 
distal part of section 75C. The free end was translocated, in reverse posi- 
tion, into section 98 (distal) of the fourth chromosome; the base was at- 
tached to the free end of the second chromosome (broken in section 61); 
and the base of chromosome two was attached to the duplicated tip of 
chromosome four. 


A BRANCHED CHROMOSOME 
A rearrangement has been observed which appears to have produced a 


branched chromosome. In this aberration chromosome IV is broken in the 
distal part of section 93, XL is broken in the proximal part of section 16, 
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and the second chromosome in section 52. The tip of chromosome IV is 
attached to the basal part of XL; the tip of XL (in duplicate) is inserted 
sidewise in chromosome IT; the remaining basal portion of IV appears to 
have acquired no fragment of any other chromosome. It is, of course, pos- 
sible that this rearrangement involves no branched structure, but is a 
reverse duplication analogous to that apparently present in dominant 
Eyeless (BRIDGES 1935). Such an interpretation is made difficult by the 
observation that in some cells, one of which is shown in figure 1D, the two 
tops of the XL branch are clearly separate. It seems unlikely that this 
separation is an artifact produced by the pressure of the cover slip. 


DISCUSSION 


As already stated in the introduction, the results of the present study 
have a bearing on two groups of problems: those involving the genetic 
composition of natural populations and those concerning the mechanism of 
the origin of chromosomal variation, particularly under the influence of 
X-rays. These two aspects are discussed separately. 

DoszHANSKY and STURTEVANT (1938) have found that natural popula- 
tions of Drosophila pseudoobscura show a large amount of variation in their 
chromosome structure. With the exception of the variability of the Y 
chromosome (DoBZHANSKY 1935, 1937) which appears to be due to dupli- 
cations and deficiencies, all other variations may be accounted for by 
inversions of chromosome segments. The third chromosome is by far the 
most variable one, and 17 distinct gene arrangements were discovered in it. 
This compares with three in XR, two in XL, six in II, and two in IV; no 
variation has been detected in V. Furthermore, the variations in III occur 
throughout the distribution area of the species, while in most localities the 
populations are uniform with respect to the gene arrangement in chromo- 
somes II and IV. The X chromosome differs in the two races, A and B, 
into which the species is split (LANCEFIELD 1929, TAN 1935) and also varies 
in connection with the so-called sex-ratio condition (STURTEVANT and 
DOBZHANSKY 1936). 

It is thus unequivocally established that the third chromosome of 
Drosophila pseudoobscura shows in nature a much greater variability than 
the rest. One of the possibilities that might account for this phenomenon 
is that the third chromosome is, for some reason, more breakable than 
others and thus more prone to give rise to gene rearrangements, particu- 
larly inversions. In Drosophila melanogaster the X-ray induced breaks are 
distributed among the chromosomes at random (BAUER, DEMEREC, and 
KAUFMANN 1938, BAUER 1939), but STURTEVANT (1931) and DUBININ, 
SOKOLOV, and TINIAKOv (1936, 1937) have shown that in the wild popula- 
tions of this species at least four out of the five long chromosome limbs 








CHROMOSOMAL VARIATIONS 17 


(2L, 2R, 3L, and 3R) are variable. Nevertheless, the data reported in the 
present paper show that in Drosophila pseudoobscura the distribution of 
the induced breaks is also at random, and the third chromosome shows no 
sign of an increased breakability. One is forced to look somewhere else for 
an explanation of the great variability of this chromosome in nature. 
A possible explanation was suggested by StURTEVANT and MATHER (1938), 
but it cannot be regarded as well established so far. 

Another problem raised by the findings of DoBzHaNsky and STURTE- 
VANT (1938) concerns the distribution of breaks within the third chromo- 
some of Drosophila pseudoobscura. The various gene arrangements 
encountered in nature in this chromosome are related as overlapping in- 
versions—that is, inversions of the type AB CDEFGH,AEDCBF 
GH, andA ED GF BC H. Gene arrangements differing in two overlap- 
ping inversions most likely did not arise directly from each other, but 
through an intermediate step, which would have been of the type A E D 
C BF GH. This enables one to trace the phylogeny of the gene arrange- 
ments encountered in natural populations. This theory implies, further- 
more, that a repeated origin of the same gene arrangement is unlikely, 
because such an event would require that a chromosome break repeatedly 
in the same two or more identical places. Assuming that the chromosome 
is equally likely to break at any locus and that there are 500 loci in the 
chromosome (a conservative estimate), the probability that, by coincidence, 
the same two breaks will occur repeatedly is 5007, or one in 250,000 in- 
versions, which is very small. This probability however, need not be so 
small if the chromosome has certain “weak points” at which the occurrence 
of breakage is more likely than at other points. Furthermore, it is con- 
ceivable that the occurrence of a break at a given locus somehow induces 
the chromosome to break at a specific other point; in other words, a modal 
length of the chromosome section lying between correlated breakage loci 
may exist. These possibilities may be tested experimentally. 

The data reported above for the third chromosome of Drosophila pseude- 
obscura, as well as those of BAUER, DEMEREC, and KAUFMANN (1938), and 
BAUER (1939) for the chromosomes of Drosophila melanogaster agree in 
showing that the distribution of induced breaks within chromosomes is 
approximately, though not entirely, random. No chromosome sections 
have been shown to be immune to breakage, and no section proved to be 
so breakable as to deserve the designation of “weak point.” Above all, 
there is no correlation between the relative positions of two or more breaks 
if they occur in the same chromosome. The heterochromatic portion shows 
a high concentration of induced breaks relative to its length in the salivary 
gland chromosome. No “natural” breaks are known in the heterochromatin 
indicating that inversions involving heterochromatin are not retained in 
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natural populations for unknown reasons. The frequency of the induced 
breaks within the euchromatic portion increases slightly, though signifi- 
cantly, from the proximal to the distal (free) end. The distribution of the 
natural breaks seems to show a similar regularity, although here the 
statistical validity of this conclusion is open to question. 

The available data do not exclude the possibility that certain points in 
the chromosome are more breakable than others; all that is really certain 
is that such points, if they exist, are not concentrated in any specific sec- 
tions. More important still, none of the induced inversions proved to be 
identical, or even similar to any of the natural ones. Among the induced 
breaks in general (that is, those observed in translocations as well as in 
inversions), a few proved to lie close to the loci of some of the natural 
breaks. The number of such coincidences, however, is small, and only in a 
single case is there a reason to suppose that a real identity is involved. 
Thus, the present data support the assumption of DoBzHANSKy and 
STURTEVANT (1938) that there is so little probability of a repeated origin 
of the same inversion in nature that the gene arrangements are not trans- 
formed into each other at frequent intervals. 

As between the two proposed hypotheses of the origin of chromosomal 
aberrations—namely, the contact hypothesis of SEREBROVSKY (1929) and 
the breakage first hypothesis of STADLER (1932), the results of the present 
study seem to favor the latter. According to the contact hypothesis, the 
chromosome breakage and the reunion of the resulting fragments occur 
simultaneously, being in effect only two aspects of the same process. The 
breakage first hypothesis assumes that if the chromosomes are broken by 
some agent, or agents, the broken ends tend to reéstablish connections 
with other broken ends. A time interval may elapse between the breakage 
and the reattachment. In the seven mosaic chromosomal aberrations de- 
scribed above, individuals coming in the F; generation from a treated 
father and an untreated mother proved to have two, three, and even four 
kinds of tissues with different chromosome configurations. 

The appearance of such mosaics is compatible with the breakage first 
hypothesis, provided the breaks, or the weak parts in the chromosomes 
induced by X-ray, may persist long enough to be able to establish new 
associations after fertilization or after the cleavage division following 
fertilization. The aberration which seems to involve exchanges between 
the paternal and the maternal chromosomes may be similarly interpreted. 
These aberrations are difficult to explain from the standpoint of the con- 
tact hypothesis. The supposition that they arose spontaneously during the 
cleavage divisions, rather than in the X-ray treated sperm, is very im- 
probable, since spontaneous chromosome breakage in somatic tissues is 
very rare. Furthermore, in the mosaics involving three and four kinds of 
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tissue one would have to suppose that spontaneous breaks have taken 
place in at least two consecutive cleavage divisions and twice at the same 
point in the chromosome—an obviously very remote contingency. Another 
way to reconcile the occurrence of the mosaics with the contact hypothesis 
is to suppose that at the time of the treatment the chromosomes were not 
in the form of single, but in the form of double, or even quadruple threads. 
Such a supposition is not out of the question, since certain investigators 
(for example, NEBEL 1936, 19378, 1937b) claim to have observed cyto- 
logically double and quadruple chromosomes at telophases. This is defi- 
nitely denied by others (for example, DARLINGTON 1937). Without going 
into consideration of this very controversial question, one may point out 
that, even granting that chromosomes are double or quadruple in sperma- 
tozoa, it remains difficult to reconcile the observed mosaics with the contact 
hypothesis. Thus the mosaic with four types of tissue (HELFER 1940) would 
require not only quadripartite chromosomes in a treated spermatozoan 
but, in addition, a kind of somatic crossing-over between sister strands. 
In conclusion, a few remarks may be made regarding the unorthodox 
chromosomal variants found—namely, the one involving an intercalation 
of the terminal portion of chromosome III into chromosome IV and the 
one with an apparent side attachment. The absence, or at least the great 
rarity, of chromosomal aberrations involving single breaks, such as termi- 
nal deficiencies, inversions, and non-reciprocal translocations, leads to the 
assumption that the free end of each chromosome, the so-called telomere, 
has special properties not present in the interstitial genes. Therefore, a 
telomere cannot take the place of an interstitial gene and vice versa 
(MULLER 1938). Certain facts contradictory to this assumption however, 
are on record. Thus, DEMEREC and HOOVER (1936) have described terminal 
deficiencies that appear to be authentic, and STADLER (1940) finds that 
among the deficiencies induced by ultra-violet radiation a majority also 
seem terminal (compare also the results of McCLintock 1938a, b, ob- 
tained by other methods)..It is not claimed that the terminal intercalation 
and deficiency described here (fig. 1C) are beyond any doubt, although the 
free end of chromosome III of Drosophila pseudoobscura has a structure so 
characteristic that the removal of even a minute part of it might be ex- 
pected to be detectable. Furthermore, it would seem that, granting that 
telomeres differ in some way from interstitial genes, the possibility of the 
latter acquiring the properties of telomeres, and vice versa, by a process 
akin to mutation cannot be excluded. A similar reasoning applies to the 
problem of branched chromosomes (Kossikov and MULLER 1935). 


SUMMARY 


1. The distribution of 347 breaks induced by X-ray treatment in the 
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chromosomes of Drosophila pseudoobscura was studied. The frequencies of 
the breaks in the different chromosomes are in proportion to their relative 
lengths. 

2. The induced breaks in the third chromosome are not distributed 
entirely at random. The frequency of the breaks in the heterochromatin as 
compared with those in the euchromatin is much greater than would be 
expected on the basis of the lengths of the heterochromatic portions in the 
salivary gland cells but probably smaller than would be expected on the 
basis of its length in the mitotic chromosomes. Within the euchromatic 
portions the frequency of breaks increases slightly from the proximal to 
the distal end. 

3. Aside from the regularity mentioned in the preceding paragraph, the 
breaks in the third chromosome show no tendency to be concentrated 
around any “weak points.” In any case, a comparison of the induced 
breaks with those observed in the naturally occurring chromosomal aber- 
rations shows very few coincidences. None of the inversions induced by 
X-ray treatment proved similar to any of the naturally occurring inver- 
sions. 

4. «he reunion of the chromosome fragments produced by X-ray treat- 
ment is not at random, inversions being more and translocations less fre- 
quent than expected. 

5. Several mosaic chromosomal aberrations are described. An analysis 
of these aberrations seems to argue in favor of the “breakage first,” rather 
than the “contact” hypothesis of the origin of chromosomal aberrations. 

6. The “breakage first” hypothesis is also favored by the observed aber- 
ration in which paternal as well as maternal chromosomes seem to be 
involved. 

7. An aberration which appears to involve a terminal attachment, and 
another showing what appears to be a branched chromosome, are de- 
scribed. 
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INTRODUCTION 


ATURAL populations of Drosophila pseudoobscura have been shown 
N to carry numerous recessive mutant genes concealed in heterozygous 
condition (STURTEVANT 1937, DOBZHANSKY and QUEAL 1938b, DoBzHAN- 
SKY 1939). Some of these genes are lethal or semilethal, others produce 
visible external effects, and still others modify the viability, duration of 
the development, or other characters. Although the lethals would seem to 
be least likely among the above genetic variants to play a constructive 
role in evolution, they are favorable material for population studies. Their 
detection involves no personal equation and is technically simpler than 
that of the visibles or of modifiers of physiological processes. Moreover, a 
lethal, provided it is completely recessive, is subject to natural selection 
only in homozygous condition, when its adaptive value is zero; experimen- 
tal determination of the adaptive values of other genes is a most elusive 
task. The present article reports the results of a study of the identity of 
lethals found in natural populations as shown by their allelism; of the rate 
of elimination of lethals by selection; and of the rate of their de novo origin 
by mutation. The mathematical analysis is restricted to the implications 
from the data on the occurrence of lethals. The consideration of other 
sources of information regarding the population structure in Drosophila 
pseudoobscura, such as the variability of the chromosome structure, is 
reserved for a future publication. 

The observational and experimental work on which the present paper is 
based was carried through at the Division of Biology of the California 
Institute of Technology, Pasadena, with the support of a grant from the 
Carnegie Corporation of New York, made through the Carnegie Institu- 
tion of Washington, whose help is gratefully acknowledged. Miss M. L. 
QuEAL, Mr. B. A. Spassky, and Mrs. N. P. SIVERTZzEv-DOBZHANSKY 
have shared the technical work inveived. Drs. MorcaAN Warp, K. 
MarTHER, and H. J. MULLER have contributed advice concerning alterna- 
tive methods of calculation of the minimum number of mutable loci. 


1 Observational and experimental data by Th. Dobzhansky, mathematical analysis by Sewall 
Wright. 
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MATERIAL AND METHOD 


The technique of the detection and the general properties of lethals and 
semilethals in Drosophila pseudoobscura were described by DoBZHANSKY 
and QuEAL (1938b). For the present study 123 lethal-bearing third 
chromosomes isolated from eleven populations inhabiting as many moun- 
tain ranges in the Death Valley region of California and Nevada were 
used. A map showing the positions of ten of these ranges has been pub- 
lished (DoBzHANSKY and QUEAL 1938a); the eleventh one, Argus Range, 
lies southwest of Coso Mountains and west of Panamint Valley as shown 
on this map. The numbers of the third chromosomes analyzed and of the 
lethals detected in them are shown in table 1. The numbers of the lethals 
that were preserved and used in the present study appear in parentheses. 














TABLE I 
CHROMOSOMES CHROMOSOMES 
LOCALITY LETHALS LOCALITY LETHALS 
ANALYZED ANALYZED 

Lida 55 14 (14) Awavaz Mts. 23 2 (2) 
Cottonwood Mts. 93 17 (16) Kingston Range IOI 12 (10) 
Grapevine Mts. 56 7 (7) Charleston Mts. 103 15 (12) 
Coso Range 124 22 (21) Sheep Range go 11 (11) 
Argus Range 8 4 (4) Providence Mts. 99 15 (15) 
Panamint Mts. 105 12 (11) 


Total 857 131 (123) 





In order to convey a clear idea about the extent of the territory whose 
population is characterized by the above samples, it will be convenient to 
distinguish between the “regions” such as Death Valley, Mexico, and 
Guatemala, “ranges” consisting of more or less continuous mountain forests 
isolated from each other by deserts, “localities” consisting of the areas 
whose populations were actually sampled (10 to 20 traps distributed over 
a distance from one-quarter to one mile in each case), and “sublocalities” 
or “stations,” still smaller areas distinguished in certain studies. The 
eleven localities treated here are all in separate mountain ranges, but each 
locality covers only a small fraction of the range it represents. The eleven 
ranges can be inclosed in a minimum rectangle about 210 miles long and 
120 miles wide, called here the Death Valley region. 

The lethal-bearing third chromosomes are perpetuated in the form of 
balanced strains; in most of these one of the third chromosomes contains 
a lethal, and the other the mutant genes orange, Blade, Scute, and purple. 
Since Bl is lethal when homozygous, only two of the four classes of zygotes 
survive, and the strain breeds true. The or Bl Sc pr chromosome has the 
Standard gene arrangement, wherefore this system of balancing is satis- 
factory only for those lethal-bearing chromosomes which have gene ar- 
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rangements other than Standard. Another balancer, carrying the gene 
Emarginate in the Arrowhead arrangement, was used for keeping the 
lethal-bearing Standard chromosomes. 


FREQUENCY OF ALLELIC LETHALS WITHIN A POPULATION 


In the populations from the Death Valley region about 15 percent of the 
third chromosomes contain lethals or semilethals (table 1). This figure 
conveys no information regarding the frequency of individuals that die 
on account of homozygosis for lethals. It is evident that if only one kind 
of lethal were present and random mating is assumed, the frequency of 
inviable zygotes would be the square of that or the lethal-bearing chromo- 
somes. On the other hand, if each lethal is present in a population only 
once, no lethal homozygotes are produced. The following experiments were 
designed to determine the actual situation. 

Fourteen lethals were recovered from the Lida sample (table 1). Each 
of these lethal-bearing strains was outcrossed to the remaining thirteen 
strains. A similar series of crosses was made for the other localities. Since 
most of the lethals are balanced over or Bl Sc pr, these crosses may be 
represented thus: lethal A/or Bl Sc pr 2 X lethal B/or Bl Sc pr &. If lethals 
A and B are alleles, the offspring of the cross consists of Blade-Scute 
individuals only; otherwise Blade-Scute and wild type individuals appear 
in a ratio approaching 2:1. Since the Blade and non-Blade flies are easily 
distinguishable through the glass of the culture bottle, the presence or 
absence of wild types can be established by inspection with a hand 
lens without etherizing the flies. This is important in an experiment in- 
volving thousands of crosses. In crosses in which one or both lethals were 
balanced over Emarginate (see above), as well as where the number of 
wild type flies seemed small, the flies were examined under a microscope, 
and counts were made. 

The results of the intercrosses are shown in table 2. The number of 
kinds of lethals found is, in most localities, smaller than the number of 
lethals analyzed. This amounts to saying that some of the lethals proved 
to be alleles. Thus, in the Lida sample one of the lethals was encountered 
four times, two were found twice each, and six were represented once 
each. An estimate of the frequency of lethal homozygotes that must be 
formed in nature may be arrived at in the following manner. The average 
frequency of the lethal-bearing third chromosomes in the populations from 
the Death Valley region is 15.29 +0.83 percent (probable errors are used 
throughout this paper). The frequency of zygotes receiving two lethals, 
one from the father and one from the mother, is the square of 15.29, or 
2.34 percent. Most of such zygotes carry non-allelic lethals and are viable. 
The data included in table 2 show the results of 772 intercrosses in which 
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both parents carried lethals recovered from the same population. Among 
these, 24 crosses, or 3.11+0.42 percent, gave the results indicating the 
presence of allelic lethals (that is, absence of wild type offspring). Hence, 
about 3.11 percent of the zygotes with two lethals carry-allelic ones. Among 
all zygotes produced in natural populations of the Death Valley region, 
0.073 percent (0.0234 X0.0311 X100) may be expected to die on account 
of homozygosis for third chromosome lethals. 


TABLE 2 


Intra-locality tests. Frequency of lethals found once, twice, and four times in the same population. 




















NUMBER OF 
LETHALS TOTAL 
TESTS QUADRU- 
LOCALITY ANALYZED SINGLES PAIRS KINDS OF 
{ k?—k} PLETS 
(k) bai. LETHALS 
\ 2 f 
Lida 14 gl 6 2 I 9 
Cottonwood 16 120 10 3 _— 13 
Grapevine 7 21 5 I — 6 
Coso 21 207* 13 2 I 16 
Argus 4 6 4 _ _ 4 
Panamint II 55 9 I _ 10 
Awavaz 2 I — I _— I 
Kingston 10 45 10 _— _ 10 
Charleston 12 66 12 — _— 12 
Sheep Range II 55 9 I —_— 10 
Providence 15 105 13 I _— 14 
Total 123 772 gl 12 2 105 





* Three of the possible 210 crosses were not made. 


FREQUENCY OF ALLELIC LETHALS IN DIFFERENT POPULATIONS 


The equilibrium frequency of a recessive autosomal lethal—that is, 
the frequency to which it will be allowed to accumulate in a population—is 
a function of its mutation rate as well as of the effective size of the popula- 
tion in which it occurs. In very large populations the equilibrium level is 
the square root of the mutation rate producing the lethal; in smaller popu- 
lations this level is lower than in large ones (WRIGHT 1937). The data pre- 
sented above indicate that certain lethals are more common than others in 
some localities This fact deserves careful scrutiny. 

Apparently the simplest explanation of some lethals being encountered 
more frequently than others is that the former have higher mutation rates 
than the latter. To determine the mutation rates for individual lethals, 
however, is impracticable. The hypothesis must be tested indirectly. If the 
observed frequencies of lethals reflect solely, or even principally, their 
mutation rates, a lethal found frequently in one population may be ex- 
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pected to be common in other populations as well. Therefore, the prob- 
ability of a zygote carrying two lethals having two allelic ones should be 
independent of whether the lethals are recovered from the same or from 
different populations. The allelism of lethals found in different populations 
must be studied. The experimental procedure is here the same as that used 
to determine the allelism of lethals from a single population. Each lethal- 
containing strain must be outcrossed to strains carrying all other lethals. 
The necessary series of crosses was carried out, except that whenever a 
lethal was known to occur more than once within a locality (table 2), only 
one lethal-bearing chromosome was tested. Since the technique of the de- 
tection of lethals in wild chromosomes did not discriminate between chro- 
mosomes containing a single lethal and those containing more than one 
lethal (DoBzHANSKY and QUEAL 1938b), a source of error was incurred. 
If some of the chromosomes harbor two or more (of course, non-allelic) 
lethals, chromosomes A and B and A and C may show allelic lethals, while 
B and C show none. Although no case of this sort was encountered among 
the intra-locality crosses where almost all possible tests were made, the 
possibility of error is not eliminated. Since, however, a considerable labor 
saving was thus effected, and since the error incurred is small (cf. p. 37), 
this course was deemed justified. The results obtained are summarized in 
table 3. 
TABLE 3 


Inter-locality tests. 











LETHALS FOUND FOUND FOUND KINDS OF 
TESTED ONCE TWICE THRICE LETHALS 
105 68 17 I 86 





Table 3 shows that some of the lethals found in different localities proved 
to be allelic. An analysis of the data on which tables 2 and 3 are based re- 
veals some further facts of interest. Among the 68 lethals that had no al- 
leles in the inter-locality crosses (table 3), 60 had no alleles in the intra- 
locality ones either; to put it in a different way, these lethals were found 
once in the whole material examined. Of the remaining eight lethals of this 
group, six were found twice within a locality, and two were detected four 
times each (in Lida and Coso, respectively, table 2). Among the 17 pairs 
of lethals observed in the interlocality crosses (table 3), 12 were not ob- 
served more than once in any one locality, and five were each found twice 
in one and once in a different locality (that is, three times in the whole 
material). Finally, the triplet of the inter-locality crosses is a lethal that 
was found once in Panamint, once in Sheep Range, and twice in Lida. In 
other words, the lethals found four times each in Lida and in Coso (table 2) 
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were not recovered from any other populations, and among the 12 lethals 
each of which occurred twice within a population only five were found 
once more elsewhere. Among the g1 lethals which had no alleles in the 
intra-locality tests, 28 were recovered from samples from two localities 
each. It follows that the lethals found repeatedly within a population are 
not significantly commoner in the species at large than are the apparently 
rare lethals while vice versa the lethals recovered from samples from two or 
three localities show no tendency to accumulate in any particular sample. 

That some lethals attain higher frequencies within some populations 
than they have in the species at large may be demonstrated by still another 
method. A total of 4913 crosses were arranged in which each parent carried 
a lethal recovered from a different population. Among these, only 20 
crosses, or 0.407 +0.061 percent, showed allelic lethals (table 3). The com- 
parable figure for the intercrosses in which the parents carried lethals from 
the same population is 3.11+0.42 percent. The difference is significant 
statistically. This fact may be restated as follows: A certain amount of 
heterosis would accrue to the species if the matings were random instead 
of being (as they largely are) confined to individuals inhabiting the same 
locality. 

These observations militate against the assumption that the distribution 
of lethals in the populations of Drosophila pseudoobscura is governed ex- 
clusively, or even largely, by their mutation rates. It will be shown below 
that the facts at hand are more simply accounted for on the assumption 
that the population of this species inhabiting the Death Valley region is 
segregated into partly isolated colonies, each with a limited effective 
breeding size. 


METHODS OF DETERMINING THE MUTATION RATE 


To approach an understanding of the dynamics of the lethal contents 
of natural populations, information regarding the rate of their origin by 
mutation is indispensable. In principle, the experimental detection of the 
lethals arisen by mutation is as simple as that of the lethals present out- 
doors. A male, or males, from the strain in which it is desired to determine 
the spontaneous mutation rate in the third chromosome is crossed to fe- 
males homozygous for the recessives orange and purple. The F; males are 
outcrossed singly to females carrying or Bl Sc pr in one and the “Cuerna- 
vaca” inversion in the other of their third chromosomes. In the F:2, females 
and males showing Bi and Sc, but not or and pr, are selected and inbred. 
In the absence of lethals, the F; offspring consist of Bl-Sc and wild type 
individuals in a ratio approaching 2:1; if a lethal is present only Bl-Sc 
and no wild types appear; semilethals reduce the proportion of the wild 
types to somewhere between 16 and zero percent of the total output of flies. 
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The classification of the F; cultures is made by inspecting the culture 
bottles with the aid of a hand lens; normal cultures and those containing 
lethals are thus simply identified. If wild type flies are present but con- 
stitute obviously less than one-third of the total, a semilethal may be in- 
volved. Cultures of this kind are subjected to counting, and if the doubt is 
not removed, a further generation is raised. A recessive semilethal is 
arbitrarily defined as a gene which permits survival of less than one-half 
of the homozygotes (16 percent of all flies in the culture under the condi- 
tions of the experiment). This arbitrariness may seem to cast doubt on the 
reliability of the data. Fortunately, among the mutants found in nature 
as well as among the newly arisen ones, complete lethals and extreme semi- 
lethals are much more frequent than semilethals of medium strength. This, 
and also the fact that most semilethals produce visible external effects or 
slow down the development of the homozygotes, insures that few, if any, of 
the semilethals were missed and that the error thus incurred is not serious. 

The appearance of a lethal in an F; culture may indicate either that a 
mutation has arisen in the spermatogenesis of the P; generation male or 
that that male was heterozygous for a lethal inherited from close or remote 
ancestors. In the former case a single or a few, and in the latter case one- 
half, of the cultures derived from a given P; generation male show lethals. 
To guard against any ambiguity arising from this source, at least 40 F; 
males were taken from each P, generation culture, and as many F; cultures 
were raised from them. Series in which one-half of the cultures contained 
lethals were discarded, and not in a single instance has doubt arisen regard- 
ing the classification of a series of crosses. In two series two allelic lethals 
have arisen in each, among more than 50 cultures. Here the mutation has 
evidently taken place at a stage of spermatogenesis prior to the formation 
of spermatids. 

The technique just described will be referred to as the “direct” method. 
Its laboriousness is obvious. A variation of the same technique, an “ac- 
cumulation” method, was used in a part of the experiments. Males from 
wild strains known to be free of lethals are crossed to or pr females. The 
F, males are back-crossed to or pr females. In the next generation wild type 
and or pr flies appear in a ration approaching 1:1; several wild type males 
are selected from each culture and back-crossed again to or pr females; such 
back-crosses are repeated in a series of consecutive generations. Since there 
is normally no crossing over in Drosophila males a marked wild chromo- 
some is transmitted intact through a series of generations, being exposed 
in each generation to the risk of a lethal mutation taking place in it. The 
experiment can be completed at any stage, by outcrossing the males 
heterozygous for or pr to or Bl Sc pr/Cuernavaca females and inbreeding 
the resulting B/-Sc progeny. Of course, only a single male from each line 
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is so tested. The presence or absence of lethals is established exactly as with 
the direct method. Since the or Bi Sc pr chromosome has the Standard 
gene arrangement, all the experiments are made with chromosomes having 
gene arrangements other than the Standard. 

Aside from the difference in the amount of the labor involved, the direct 
and the accumulation methods differ in other respects, which make it 
desirable to use both methods for the determination of the mutation rates. 
Among the newly arisen lethals some may be completely recessive, while 
others may produce a decrease in the viability of the heterozygotes. The 
absence or rarity of incompletely recessive lethals in natural populations 


TABLE 4 


Mutation rates in certain strains from the Death Valley region. The first and second figures in 
each column indicate the numbers of the tested chromosome-generations and of the lethals obtained, 
respectively. 











EXPERIMENTS 














STRAIN IST 2ND 3RD 4TH 5TH TOTAL 
Lida—2 41I—o + oe - 103—o IOI4— 5 1215— 5 
Lida—4 47—o _— _— — _ oe 
Lida—og 49—o —_— — — — 49— 0 
Whitney—3o0 44—0 — —_ _ _— 44— 0 
Whitney—43 48—o — — — — 48— o 
Coso—6 47—1 72—-0 62—o 161—o — 342— 1 
Coso—86 45-—-o 62—o _ 92—o — I99— 0 
Coso—t100 48—1 136—1 730 208—2 1030— I 1495—- 5 
Panamint—24 4I—o 26—o — 85—o 1533— 2 1685— 2 
Awavaz—1 45—o 17-0 _ 115—o 1344— 3 1521— 3 
Awavaz—4 48—o 137—o — 68—o 308— 2 561— 2 
Grapevine—12 44—0 38—o — I150—o 1099— 4 1331-— 4 
Grapevine—34 4I—o 36—o 40—o 110—o 073— 4 1200— 4 
Grapevine— 36 — 55—o — — 861— 3 g16— 3 
Charleston—71 46—o 164—1 109—o 107—I 725— 2 I1SI— 4 
Charleston—88 45—o — - _- —_— 45— 0 
Sheep Range—15 46—o 103—o — 102—o 10o5— 5 1256— 5 
Sheep Range—17 53-0 59—o 40—o 209—2 — 367— 2 

Total 778—2 962—2 330—O I510—5 9892—31 13472—40 





does not necessarily mean that such lethals arise infrequently. Most of 
the lethals encountered outdoors had arisen many generations before their 
detection, and therefore natural selection had had time to eliminate most 
of the incompletely recessive ones. The same phenomenon of “filtering” of 
lethals takes place in the accumulation experiments, since several wild 
type males are used in every generation, and a competition ensues among 
the prospective fathers as well as among their offspring. The direct method 
makes the competition less severe; although the carriers of deleterious 
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changes are eliminated here as well, mildly unfavorable variants may es- 
cape destruction. A comparison of the mutation rates observed in the 
direct and in the accumulation experiments may, then, give information 
on the problem of recessivity of newly arisen lethals. 

According to DEMEREC (1937), RHOADES (1938), and others, mutation 
rates may vary from strain to strain of the same species; the general muta- 
bility as well as the mutation rates in specific genes may be affected. 
STURTEVANT (1939) found an increase of the mutation rates following 
hybridization of races A and B of Drosophila pseudoobscura. In the direct 
experiments the P; generation males are either homozygous for a given 
wild third chromosome or have a genetic structure similar to that of their 
wild ancestors. In the accumulation experiments the mutability is studied 
in wild/or pr heterozygotes. The or pr strain, obtained from PROFESSOR 
P. Cu. Ko iier of Edinburgh, has been kept in laboratories for many 
generations, and its ultimate geographic origin is probably a mixed one. 
Although it is difficult to decide whether the direct or the accumulation 
experiments resemble the natural conditions more closely, a comparison of 
their outcomes may be of interest. 

A great uniformity of environmental condition was deliberately avoided, 
since such hardly obtains in the natural habitats of the fly. In the first 
and second series of experiments (table 4), the P, generation flies were 
raised and kept in an incubator at 243°C, while all other experiments were 
conducted in a room in which the temperature fluctuated from 19° to 25°, 
usually lower during the night than in the daytime, and occasionally rose 
as high as 27° for several days. 

Every lethal obtained was tested by out-crossing it to the or Bl Sc pr/ 
Cuernavaca strain. The need of this precaution follows from the fact 
that the Cuernavaca chromosome carries a lethal extracted from a wild 
Mexican strain. Accidental use of non-virgin or Bl Sc pr/Cuernavaca 
females may result in the detection of a lethal introduced by such a con- 
tamination. The possibility that a bona fide new lethal is allelic to that con- 
tained in the Cuernavaca chromosome is disregarded to avoid a source of 
error which is deemed more serious. The experiments extended from May 
1938 to July 1939, inclusive. 


THE RESULTS OF THE EXPERIMENTS ON THE MUTATION RATE 


Eighteen strains from the Death Valley region (table 4), six from Mexico, 
and five from Guatem..a (table 5) were used. With the Death Valley 
strains, the experiments from the first to the fourth involve the applica- 
tion of the direct method, while the fifth and the Mexican and Guate- 
malan ones are accumulation experiments. An examination of data shows 
that there is no indication of any differences in the mutability among the 
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strains from the same geographic region. If the Death Valley, Mexi- 
can, and Guatemalan strains are contrasted as groups, the heterogeneity 
X? turns out to be 0.48, which, for two degrees of freedom, has a prob- 
ability between 0.80 and o.70. In percent, the mutation rates for the 
Death Valley material are 0.297 +0.032, for Mexico 0.359 +0.062, and for 
Guatemala 0.284+0.061. All the differences are less than their probable 
errors. 
TABLE 5 


Mutation rates in certain strains from Mexico and Guatemala. 











CHROMOSOME-GENERA- CHROMOSOME-GENERA- 
STRAIN TIONS TESTED AND STRAIN TIONS TESTED AND 

MUTATIONS OBTAINED MUTATIONS OBTAINED 
Tehuacan 59I— 2 Atitlan 166— o 
Puebla 864— 3 Totonicapan 809— 2 
Amecameca 820— 3 Sacapulas 820— 3 
Pachuca 783— 3 Momostenango goI— I 
Cuernavaca 771— 3 Huehuetenango 826— 4 

Zitacuaro 348— 1 

Total Mexico 4177—15 Total Guatemala 3522—I0 





The outcomes of the direct and the accumulation experiments may now 
be examined. In the four direct experiments nine lethals were obtained 
among 3580, and in the accumulation experiment 31 lethals among 9892 
tested chromosome-generations (table 4). Hence, the mutation rates are 
0.251+0.056 and o.313+0.038 percent, respectively. The difference is 
again less than the probable error. It must be concluded either that in 
our material very few incompletely recessive lethals arise and the hybridity 
fails to influence materially the mutation rate or that the effects of these 
two factors are equal in extent and opposite in sign. 

In all the experiments a total of 65 mutations occurred in 21,171 
chromosome-generations. The mutation rate is c.307 +0.026 percent, or 
about three mutations per one thousand chromosome-generations. Among 
the 65 mutations, 51 were complete lethals and 14 were semilethals. Among 
the semilethals only one permits the survival of about 30 percent of the 
homozygotes, the remainder being close to complete lethality. This may be 
compared to the data on lethals in natural populations where in a total of 
163 natural lethals 126 were complete lethals and 37 were semilethals 
(DoBzHANSKY and QUEAL 1938b, DoBZzHANSKY 1939a). The agreement 
is satisfactory. 


CONCENTRATION OF LETHALS IN DIFFERENT POPULATIONS 


In the populations from the Death Valley region 15.29 +0.83 percent 
of the third chromosomes carry a lethal or a semilethal, while in the Mexi- 
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can and Guatemalan populations the frequency of such chromosomes is as 
high as 30.00+2.82 percent (DoBZHANSKY 1939a). Since the number of 
the lethal-producing loci in the third chromosome is at least 289 (cf. p. 39), 
the average concentration of lethals per locus is about q=0.00053 for the 
Death Valley and 0.00104 for Mexico and Guatemala (slightly higher if 
the chance of occurrence of two or morc lethals in a chromosome is allowed 
for). The level to which lethals are allowed to accumulate in different nat- 
ural populations is evidently not constant. 

Since the mutation rates in the strains from Death Valley on one hand 
and in those from Mexico and Guatemala on the other were found to be 
equal, it follows that the above difference in the accumulation of lethals in 
natural populations is not a reflection of a difference in mutability. The 
objection may be raised, however, that mutation rates in natural habitats 
of the fly may differ from those observed in the laboratory. If a thoroughly 
sceptical attitude is adopted, this objection is unsurmountable. The follow- 
ing considerations, however, are relevant. Since the concentrations of 
lethals in Mexico and Gautemala are twice as high as in the Death Valley 
region, the mutation rates must differ by a factor of four. Mutation rates 
are known to be subject to environmental modification, particularly by 
temperature. However dissimilar are the respective geographical regions, 
it is difficult to visualize a combination of climatic factors to which so great 
a difference could reasonably be attributed. The mean temperature at 
which the experiments were conducted is probably a few degrees higher 
than in the natural habitats of the flies during the breeding season, but 
this is far from enough to account for the situation. ZurtTin (1938a, 1938b) 
claims to have shown that temperature changes accentuate the mutation 
rates in Drosophila melanogaster. Assuming this to be true, mutation rates 
in the laboratory should be lower, not higher, than outdoors. 


A SUMMARY OF THE PRIMARY DATA AND A DISCUSSION 
OF THEIR RELIABILITY 


The available information on the distribution of naturally occurring 
lethals in the third chromosome of Drosophila pseudoobscura and the rate 
of their origin by mutation permit certain inferences to be drawn regard- 
ing the structure of natural populations of this species. To facilitate the 
reader’s task in following the mathematical analysis of this information, it 
may be useful at this point to sum up the primary data that will be used 
therein and to discuss their limitations. These primary data are: rate of 
occurrence of lethal mutations, 0.00297 +0.00032; frequency of chromo- 
somes carrying lethals, 0.1529 +0.0083; chance of allelism between locali- 
ties, 0.00407 +0.00061; chance of allelism within localities, 0.0311 +0.0042. 

The probable errors of these frequencies (X) are based on the number of 
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(1—X) 
K 


observations (K) according to the formula PE =0.6745 f= . Some 


of the primary data, however, may contain flaws that require considera- 
tion. The figure for mutation rate comes from experiments in the labora- 
tory. As each observation is wholly independent of the others, their total 
number can properly be used in calculating the probable error. The other 
data were collected in nature, and questions of sampling become im- 
portant. The 857 tested third chromosomes were collected in eleven locali- 
ties. The number per locality varied from eight to 124 with an average of 
77.9 (table 1). The collections in each locality came from to to 20 traps 
distributed over maximum distances of one-quarter to one mile. It ap- 
pears that on the average some four to eight of the chromosomes came from 
flies collected in the same trap, but doubtless the number varied greatly. 

The flies caught in the same trap could easily have come from the same 
parents and are thus especially likely to carry the same lethal. This con- 
sideration does not affect the estimates of the frequency of lethal chromo- 
somes in the region or of the chance of allelism between localities. It 
would, however, affect the probable errors, since the derivation of the 
formula for the latter postulates complete independence of the observa- 
tions. Any positive correlation between observations reduces the effective 
value of K. In the case of the chance of allelism within localities, correla- 
tion between observations not only affects the probable error but may also 
have a systematic effect. In the extreme case, if most of the allelic lethals 
in intra-locality crosses come from flies caught in the same trap, the data 
would be inadequate to prove that the lethals found within a locality (apart 
from the immediate neighborhood of a brood) are alleles more frequently 
than the lethals coming from different localities. This would seriously 
vitiate certain parts of the following analysis of the data. This danger, how- 
ever, is removed by certain newer observations made since this paper was 
concluded. These observations will be published in detail later; essentially 
they show that the frequencies of allelism of lethals collected in a given 
locality simultaneously or collected at different times (from a month to 
several months apart) do not differ to any appreciable extent. 


POPULATION CONSTANTS 


Before attempting any interpretation of the data, it is desirable to make 
a list of the statistical properties or constants of the population of a 
locality of which account must be taken. At least three constants must be 
determined for even a first approach to adequate description of the breed- 
ing structure of a population in a locality. 


N_ The effective size of the breeding population. This may be expected 
to be very much smaller than the apparent number not only be- 
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cause it includes only parents, but also because it is much more 
closely related to the number at the minimum of the seasonal cycle 
than to that at maximum (WRIGHT 1938b, 1940). 
F_ The inbreeding coefficient of the locality. This is zero if there is ran- 
dom mating within the locality but positive if for any reason there is 
a tendency for mating of relatives in excess of that under random 
mating. 
The zygotic frequencies are as follows for a pair of alleles with gene fre- 
quencies [(1—q)a+qA] not taking account of effects of selection, muta- 
tion, etc. (WRIGHT 1921, 1922): 


Zygote Frequency 
AA (1 — F)q? + Fq 
Aa 2(1 — F)q(z — q) (1) 
aa (t — FX — qh + Fir — q) 


It may be noted that this array of frequencies consists of a random 
breeding component, (1 —F)[qA+(1—q)a]’, and a component like that of 
an array of completely fixed lines, F[{gAA+(1 —q)aa]. 


m The immigration index. This measures the extent to which the 
population of the locality in question is replaced in each generation 
by immigrants, representative of the species as a whole. Since most 
actual immigrants are likely to trace to adjacent localities of the 
same range, more or less resembling the given locality in gene fre- 
quency, these are actually equivalent in effect to a much smaller 
number drawn at random from the species. Thus the effective value 
of m may be expected to be considerably less than the actual propor- 
tion of replacement by immigrants. 


No doubt the constants N, F, and m differ considerably among the local- 
ities, but it is not practicable to take cognizance of this in the analysis. 
Following are the most important properties of the lethal genes: 


n The number of loci in the third chromosome, subject to lethal muta- 
tion. 

v_ The rate of mutation per locus per generation. 

s The selective disadvantage of heterozygotes. 


The preceding six constants are independent of each other. With a given 
breeding structure (N, F, m), and a given rate of mutation (v), and of 
selection against heterozygotes (s), the genes should exhibit a certain dis- 
tribution of frequencies #(q), characterized especially by the following 
constants: 
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qG The mean gene frequency. 
a,” The variance of the gene frequencies due merely to chance in popu- 
lations of the given breeding structure. 


There may be important differences among loci in mutation rate and in 
the amount of selection against heterozygotes. The most important con- 
sequence of this, for our purpose, seems to be in causing variability of the 
mean gene frequencies of the various lethals. The actual variance of the 
frequencies of all loci (¢,,”) must be treated as consisting of two com- 
ponents, the variance (¢,”) due to differences in v and s, and the variance 
of genes with the same v and s (¢,”) due merely to chance. 

g,° The variance of gene frequencies due to differences in v and s. 

The inbreeding coefficient (F) of a locality should be a function of the 
size of population N; and the immigration index m; of stations in cases in 
which the inbreeding is due to subdivision into partially isolated groups. 
The proportion of heterozygosis in the locality is 2q(1—q) — 204; where 
dyi° is the variance of gene frequencies due to chance, either within or be- 
tween stations (WAHLUND 1928, WRIGHT 1931). This is also given by 
2q(1—q)(1—F) not considering the effects of selection etc., as noted 
above. As 


2-3) 
Ogi omar ning a hae 
4Nimj + 1 


under the same conditions (WRIGHT 1931): 
Cai? I 


q(1 = q) 7 4Nim; + 1 


(2) 


It should be noted, however, that F also applies where there is a tend- 
ency toward mating of close relatives not based on subdivision into dis- 
tinguishable stations. 

We have listed nine important population constants and so far have 
indicated the possibility of only six equations (four data, two relations of 
dependence). Obviously, determinate solution requires at least three addi- 
tional data. Nevertheless certain conclusions may be obtained without 
going farther. 


CHROMOSOMES WITH ONE AND WITH MORE THAN ONE LETHAL 


The method used for the detection of lethal-bearing third chromosomes 
in the natural populations did not discriminate between chromosomes 
having one and those having more than one lethal. Knowing that 15.29 per- 
cent of the third chromosomes carry lethals, we must estimate how many 
of them have one, two, or three lethals. Only independently occurring 
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lethals will be considered, since the frequency of deficiencies involving 
many loci is low among the spontaneous lethals (StizyNskr 1938, T1mo- 
FEEFF-RESSOVSKY and ZIMMER 1939). The mean frequency of lethal genes, 
considered collectively is ng. The distribution of frequencies in chromo- 
somes should be according to the terms of the Poisson series e~"4¢-) 
where | symbolizes a lethal. The frequency of chromosomes lacking all 
lethals is thus (1 —0.1529) =e-™4. 


ng = 0.166. (3) 


The expected frequencies of chromosomes with o, 1, 2 and, 3 lethals 
are as follows: 





Percent of all Percent of lethal 
chromosomes chromosomes 
No lethals e~™4 84.71 
1 lethal ng e-™4 14.06 92.0 
| ae 
2 lethals bo eu 1.77 7.6 
2! (4) 
(ng)? 
3 lethals haa e—n4 0.06 0.4] 
3! 
100.00 100.0 


If a chromosome has only one lethal, all chromosomes with lethals that 
are allelic to it may be expected to be allelic to each other. But if the given 
chromosome has two lethals, in approximately 50 percent of the cases, two 
alleles of it should not behave as such with each other (exactly if both have 
single lethals, approximately otherwise). Similarly, if the given chromo- 
some has three lethals in approximately two thirds of the cases, two lethal 
alleles of it should not behave as such with each other (exactly if both have 
single lethals, approximately otherwise). Taking the estimates of the fre- 
quencies of chromosomes with one, two, and three lethals in the present 
material, it appears that in only about 4.06 percent of the cases would 
two alleles of a given lethal chromosome fail to be alleles to each other 
(7.6X}$+0.4 X 2/3 =4.06). 

This theory applies to allelic lethal chromosomes picked at random from 
the species as a whole and thus in general of independent mutational ori- 
gin. In the case of allelic lethal chromosomes from the same locality, there 
is an excellent chance of common recent ancestry and thus of similarity in 
all lethals. Thus the error involved in testing only one of the allelic lethals 
found within localities should be considerably less than four percent and 
may be considered negligible. 
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INTERRELATIONS AMONG CONSTANTS N, V, G, oq” AND @” 


In order to relate the data to the theoretical constants, it is first neces- 
sary to deduce genic relations from the observed data, referring to chromo- 
somes. The expected frequencies of chromosomes with one, two, and three 
lethals are given above. Another equation is given at once by the ob- 
served mutation rate of normal third chromosomes: 


NV = 0.00297 (5) 


We have next to relate the frequencies of allelism within and between 
localities ic the constants. Let p be the proportion which lethals at a given 
locus constitute of all lethals (that is, }> p=1). The probability that a 
second lethal is at the same locus as one chosen first is obviously p. The 
average value of this probability, considering all loci is >> p?. But o,? 
=(>> p?/n)—p* and p=)> p/n=1/n. Thus the probability of allelism is 
1/n+ng,”. The value of p is proportional to the frequency (q) of the gene 
in the population in question, but as 





— q 9 -—\9 
az. q = nq, p=—> Op? = Gqt?/(nG)?. 


The data give us the probability of allelism of lethal chromosomes 
rather than of lethal genes. As noted above, however, it is likely that 
within localities most allelic lethal chromosomes. are alike in all lethal 
genes. The figure 0.0311 thus wil] be taken to apply approximately to 
genes as well as to chromosomes (apart from the consideration of ran- 
domness of sampling within localities, taken up later). 

Probability of allelism within localities is thus as follows, recalling that 
Ot? =0,"°+0,7: 

I n(oq? + 4?) 


n (nq)? 








= 0.0311. (6) 


Correction is theoretically important in the case of allelic lethal chromo- 
somes from remote populations, since these are likely to be independent 
with respect to mutational origin of all contained lethal genes. As indi- 
cated above, the proportions of chromosomes with K lethals are according 
to the successive terms of 


—ng q)2 5)3 5)K 
: in + (nd) + ... (o) iv |. 
I- e-na 2! 3! K! 





Pairs of chromosomes with K, and K, lethals, respectively, have KiK2 
times the chance of allelism of a random pair of lethal genes. The ratio of 
the probability of allelism for lethal chromosomes to that for lethal genes is 
thus: 
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[a] [na 2 OT 


1-e™4 3! K! 


[45] 
4 1— em] 


In the present case this equals [0.166/0.153]*. The probability of allelism 
of lethal genes from different localities may thus be taken as 0.00407 
X [0.153/0.166]? = 0.00346. 

The variance (0,7) of gene frequencies due to real differences in G among 
different lethals should apply equally among genes from the same locality 
and from different ones. But that due to restriction of size of populations 
(¢,”) would be very small in a sample collected from a larger region. Even 
if the localities in the present material were fully representative of their 
entire ranges and the total region were merely the sum of the eleven ranges 
sampled, o,? for the total would be only one eleventh of its value for a sin- 
gle range. But since the localities are very much smaller than the ranges 
and there are more than eleven ranges in the Death Valley region, the 
interlocality tests really apply to a population many more than eleven 
times the size of populations of a locality, and in these tests the term cor- 
responding to o,” may be treated as negligible without important error. 





(7) 








n(oq? + oa? + G*) = 0.0311 (nq)? = 0.000,857 (8) 
n(aa? + G2) = 0.00346(ng)? = 0.000,095 (0) 
no,” = 0.0276 (nq)? = 0.000, 762 (10) 


If v and s are the same for all loci, ¢,2=0, and n= 289 (from (9). This 
gives a minimum estimate of the number of loci in the third chromosome of 
Drosophila pseudoobscura subject to mutations that are lethal. The ac- 
tual number is presumably considerably larger (see p. 47). Below are 
three possible sets of values of the constants considered so far (calculated 
from equations 5, 3, 9 and 10 using three assumed values of n). It may be 
noted that o, is maximum if n=578, accepting the empirical chance of 
allelism within localities at face value. 





n v q o% Tq 
289 10.3X10°° ©.000574 ° ©.00162 
500 5.9X10° 0.000332 0.000284 0.00123 

1000 3.0X10-° 0.000166 0.000260 ©.00087 


THE EFFECTS OF SELECTION AND INBREEDING 


In any population at equilibrium the rates of the origin of new lethals 
by mutation and of the elimination of those already present by selection 
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must be approximately equal. The elimination rate, expected from the 
chance union of lethal bearing chromosomes in a random breeding popula- 
tion, turns out to be 0.073 percent or 0.0007 (cf. p. 26). Yet, the observed 
mutation rate is 0.00297, or more than four times as great as the computed 
elimination rate, a point to which Dr. A. H. SturTEVANT called our at- 
tention. Although both figures are subject to large error, the discrepancy is 
too striking to be attributed to chance. This is the more so since the elim- 
ination and mutation rates computed from the data of DUBININ and col- 
laborators (1936) for Caucasian populations of Drosophila melanogaster 
proved to be even more strikingly unequal (cf. DoBzHANSKY 1939b). There 
are two ways of accounting for this discrepancy. There may be selection 
against the lethals in heterozygotes, or there may be enough inbreeding 
within localities to cause more frequent union of like lethals than postu- 
lated above, or both. It should be noted that inbreeding due to limitation 
of the size of population in the localities sampled has no effect here. We are 
concerned with s and F but not N. 

An estimate of the amount of selection (S) against lethal bearing 
chromosomes in the heterozygous state that is required to balance gains 
and losses can be arrived at from the primary data (noting that S referring 
to chromosomes is not quite the same as s referring to genes). Let C and 
Cl represent normal and lethal bearing chromosomes, respectively, 
Q(=.153) the frequency of the latter, P(=0.0311) the chance of allelism, 
V(=0.00297) the rate of origin of lethals, and W the selective value of a 
zygote. The selective value of C/C being 1, that of the heterozygotes 
(C/Cl) is 1—S and of zygotes resulting from the union of two lethals is 
(1—2S) in the (1—P) cases in which these are not allelic, o in the P cases 
in which they are allelic. 


Zygote Frequency Ww 

C/C (x — Q)? I W = 1— 2SQ — PQ?+ 2SPQ? 
dW 

C/Cl 2Q(1 — Q) 1-S a0 = — 2S — 2PQ + 4SPQ 

Cl/Cl Q? (1 — P)(1 — 2S) 


The rate of change of the frequency of lethal bearing chromosomes is 
given by the following formula (WRIGHT 1937): 


Qa-@ AW 


4Q = Vir — Q) + aw dQ 


If S=o, the rate of change due to mutation comes out V(1 —Q) =0.00252, 
while that due to elimination of homozygotes is —PQ?(1—Q)/(1— PQ?) 
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= —0.00062, less than one fourth enough to balance the former, as noted 
in a slightly different form by Dr. STURTEVANT. 
Putting AQ =o, the solution for S yields the following: 


__ V= PQ FV) 
~ Q(r + 2V) — 2PQ%1 + V) 


Thus it does not require much selection against heterozygotes to balance 
gains and losses. This figure refers to lethal chromosomes. Taking into ac- 
count our estimate that there may be more than one lethal gene in a 
chromosome, it must be multiplied by 0.153/0.166 to estimate the average 
selection against lethal genes, giving s=0.0135. 

To investigate the simultaneous effects of inbreeding and selection 
against heterozygotes, it is necessary to deal with gene frequencies. The 
following formulae in which | refers to a lethal gene, hold sufficiently accu- 
rately if both F and s are small. 





= 0.0147. 





Zygote Frequency WwW 
+/+ (x — q)*(1 — F) + (1 — q)E I 
+/l 2q(1 — q)(1 — F) I—s_ (11) 
1/1 q*(1 — F) + qF ° 
In the presence of inbreeding, selection pressure is given by the formula 
- dw dW 
a(t — 4) q) | — F) age al J (12) 
Ww 2dq dq 


where Ws is the mean selective value of the random bred component of the 


array of frequencies (cf. (1)) and W; is that of the inbred component 
(WRIGHT in manuscript). 











i dWr 
Wr=1-—2s8q(1—q)—q’, = —2q—28+48q 
dq 
W,- dWi 
ss dq = I 
W=1-—28q(1—q)(1—F) —q*(1—F) —qF 
q(1—q) A 
eile [(s+F —Fs+q(1—2s)(1—F)]+v(1—q)—m(q—q). (13) 


In a population of limited size it is not to be expected that each gene 
will always exhibit the frequency at which, in the long run, gains and losses 
balance (that is, at which Aq=o). Its frequency varies at random in the 
distribution curve @ (q) characterized by the constants q and ¢,?. This 
distribution, as exhibited by a large number of genes with the same v and 
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s, should, however, remain constant, implying among other things, that 
the values of Aq for all such genes will cancel out. Thus we must write 
fo'Aq¢(q)dq =o, in contrast with the simpler equation, AQ=o which 
sufficed for lethal bearing chromosomes. In evaluating this equation, it 
may be noted that 


1 1 1 
f Ha)dq = 1, f qo(a)da = 4, f q’6(q)dq = og? + 4, 
0 0 0 


that /,'g¢*°6(q)dq is negligibly small in the case of lethals, and that Wis sufii- 
ciently close to 1 to be ignored where it appears in the denominator in the 
formula for selection pressure. Writing C1=(s+F—Fs) and C,=(1—2s) 


(1-—F), 
1 
f Aqe(a)dq = v — (Ci + v4 + (Ci — Cro? +. 4%) = 0 (14) 
0 
If F=o, C,;=s, Ce=1—2s, 


v(t — 4) — (oa? + 4°) 


- (15) 
G — 3(¢q? + G?) 





While evaluation depends on the number of loci assumed, it varies only 
slightly with different assumptions. Thus, if n = 289, s=0.0129. If n=500, 
$=0.0132, if n=1000, S=0.0133. 

The formula deduced from the balance of gains and losses of lethal bear- 
ing chromosomes, agrees with the above except for second order terms, and 
the estimate of s based on it (.0135) is in good agreement considering that 
slightly different assumptions and approximations are involved. 

If s=o, C,=F, C.=1-—F, 


_ vr — 4) — et +49 
q — 2(¢,4? + G*) 


As this differs from the formula for s (15) only in a small term, the values 
are closely similar. If n = 289, F =0.0129, if n=500, F =0.0131, if n= 1000, 
F =0.0133. The coefficient F =0.013 would be accounted for if five per- 
cent of the matings are between brother and sister (F =0.25), 95 percent 
random, or if there is subdivision such that Nim;=19. 

The primary data give no basis for separating the effects of selection 
against heterozygotes (s) and of heterogeneity within localities (F). We 
may write with sufficient accuracy: 


s + F = 0.013. (17) 


(16) 





An attempt, however, has been made to attack the problem of the in- 
complete recessivity of lethals (the value of s) experimentally (Dos- 
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ZHANZKY and QUEAL 1938b, DoBZHANSKY 19394). Flies carrying one or Bl 
Sc pr and one wild third chromosome derived from natural populations of 
the Death Valley region were mated. Two classes of such matings were 
arranged involving chromosomes from the same locality. In some of them, 
both wild chromosomes were known to be free of lethals, while in the 
others they carried non-allelic lethals. These crosses may be represented 
as follows, letting S’ be the selection against +/or Bl Sc pr and S that 
against heterozygotes for the “natural” lethals. 


No lethals in wild chromosomes Different lethals in wild chromosomes 
Constitution Frequency W Constitution Frequency W 
+i+ t I h/ls r 1 — 2S 
+/Bl Sc $ 1-S’ 1/Bl Sc 4 1-S-S' 
Bl Sc/Bl Sc a ° Bl Sc/Bl Sc } o 
Proportion of +/+ Proportion of 1,/le 
1 (1 — 28) 
0.3618 + 0.0031 = ————_- O.3472 = 0.5083 = 
i- 4S’ ?-S-4' 


Solving these as simultaneous equations, S’=o0.118, S=0.066. Taken at 
face value, there is a clearly significant difference between the experiments, 
and the selection coefficient (S) relating to heterozygous lethals is several 
times as great as the value required by the primary data, assuming the 
same coefficient for all loci and no heterogeneity within localities. The 
authors note, however, that the experiments were not conducted simul- 
taneously and that the observed difference may be environmental. The ex- 
periment, accordingly, was repeated on a larger scale with all possible pre- 
cautions, this time using Mexican and Guatemalan materials (Dos- 
ZHANSKY 1939a). The proportion of the wild type flies in the experiment 
without lethals was 33.59 +0.22 percent and in that involving non-allelic 
lethals 33.11 +0.27 percent. The difference is not significant, and the pro- 
ductivity per bottle also did not differ significantly (160.25+4.22 and 
163.11 +3.50 flies, respectively). However, if the figures are taken at face 
value, there is a selection of 2.1 percent against each lethal bearing chromo- 
some (1.2 percent against B/ Sc). Even this figure is more than required 
to account for the apparent discrepancy between the mutation and elim- 
ination rates of lethals. These data accordingly do not advance us in inter- 
preting the indeterminate equation s+ F =o.013. The situation illustrates 
the extreme difficulty of a direct attack on questions of selection. 

It is also possible that while s=o for practically all the lethals found in 
nature, it may be very high in the great majority of the lethal mutations. 
The only data bearing on this question are the rates of mutation observed 
in the direct and the accumulation experiments. As already noted, the 
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percentage was actually higher (0.00313 +0.00038) in the accumulation 
experiment than in the direct experiment (0.00251 +0.00056), although 
not significantly so. As far as it goes, the evidence is thus against the 
hypothesis of a rapid elimination of some three-fourths of the lethal muta- 
tions. 

One of the possible approaches to the problem of inbreeding within 
localities and neighborhoods as a cause of the excess elimination of lethals 
is through studies on the variations in the gene arrangement in the third 
chromosome. As shown by. DospzHANsKy and QUEAL (1938a), KOLLER 
(1939) and DoszHANsky (unpublished), six different gene arrangements, 
of which three are common, occur in the natural populatiors of the Death 
Valley region. Some data are available on the differentiatiou of populations 
in stations, localities, and ranges, as well as on changes in the composition 
of populations in time. An analysis of these and related data is reserved 
for a future publication, but two points may be mentioned here for the 
sake of completeness. The first is that the estimates of the value of F de- 
rived from these data are of an order of magnitude compatible with the 
equation (17). Second, a possible effect of a selection against homozygotes 
for the gene arrangements (cf. STURTEVANT and MATHER 1938) on the 
distribution and elimination of lethals has been considered and found to be 
slight. 


EFFECTIVE SIZE OF POPULATION AND AMOUNT OF CROSSBREEDING 


The greater chance of finding an allele of a given lethal within the same 
locality than elsewhere demonstrates that the population number of locali- 
ties is not indefinitely large. It should be possible to determine something 
about the breeding structure from the estimate of the chance variability 
of gene frequencies (¢,”). 

The general formula for the distribution of gene frequencies is as follows 
where Aq is the rate of change of gene frequency due to systematic pres- 
sures (mutation, selection, immigration) and a4, is the sampling variance 
(oq = q(1—q)/2N) in a random breeding diploid population (WRIGHT 


1938a). ; : 
$(q) = (C/oaq)e 2/49/4444. (18) 


In the present case this reduces to the following expression (attributing 
the apparent lack of balance of gains and losses of lethals to imperfect 
dominance rather than heterogeneity): 


$(q) = C[x — 28q — (1 —28)q?]%qNimatvi-t (¢ — g)Nma-@—1,— (x9) 


For sufficiently small values of N, the selection term differs little from 
1 and thus has little effect on the form of the distribution in spite of the 
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great importance of selection in determining the low value of q in the 
species as a whole. Omitting the selection term, 
r'[4N(m + v)] 


re —__. qiN(mG+v)—-1 an 4Nm(1—q)—1 
™ Pr [4N(mq + v) IT [4Nm(1 ons q)] q ’ (1 q) 5 (20) 





This distribution has the mean q and variance ¢,? = G(1 —q)/[4N(m+v) +1] 


1fgq(1 — q) 
N(m + v) = > — |. (21) 
a oc” 

Ignoring v, negligibly small in comparison with m in any case in which 
the latter is of interest, the result is practically independent of the estimate 
of number of loci. Substituting the values of ng from (3), of no,? from (10) 


and treating 1 —@ as 1 (maximum value of @ is 0.000574), 
Nm = 54. (22) 

As the effect of selection is to reduce the variance of gene frequencies, 
it would require a smaller value of N for a given m to give the observed 
variance. Thus 54 is too large an estimate even when N is small and may 
be very much too large if N is large. From consideration of the variability 
of localities in another respect (inversions in the third chromosome, to be 
discussed in another paper), Nm cannot be less than 5. 

The frequencies of gene frequencies f(q) = ¢(q)5q at intervals 
5q =1/2N (or more at higher values of q) have been calculated for various 
values of n, N, and m, assuming v =0.00297/n, ¢ =0.166/n, s=0.013 in 
order to find sets of values which satisfy approximately the calculated 
variance (¢,?=0.000762/n), as well as the mean. The frequency f(o) with 
which lethals are absent from a locality can not however be calculated from 
the formula of the curve. The approximate formula f(o) =f(1/2N) 
/4N(mG+Vv) was used (WRIGHT 1937). Calculations have not been made 
for values of m larger than 0.05 since the derivation of the formula for the 
curve requires that (Aq)? be negligible and the above formula for f(o) 
becomes inaccurate for larger values. 

The results indicate that the efiective size of population of a locality 
could not have been larger than 2500, (assuming that Nm=5 which, as 
shown by the preliminary results of the analysis of the data on the varia- 
tion in gene arrangement, is probably too low). If N=1000, m must be 
about 0.04 (Nm about 40) in order to satisfy the conditions, largely ir- 
respective of the estimate of number of loci. It is probable that N = 500, 
m about 0.08 would satisfy them equally well. 

So far we have assumed a uniform value of s (or of F). It is desirable to 
consider the effect of extreme differences in the amount of selection against 
heterozygotes. Assume that some of the lethal mutations observed in the 
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laboratory have no effect whatever when heterozygous, while others have 
such severe effects that under natural conditions they leave few offspring. 
Obviously this hypothesis is not in accord with the data (see above) but 
it is of interest as an extreme case. The population constants are as follows: 

Breeding structure N, F=o, m 

Completely recessive lethals ni, vi, $1=0, Gi, O, 

Heterozygotes non-productive in nature ne, Ve, S2, Ge, Fq,”- 

Under the postulated conditions, there would be very few mutations of 
the second class in nature, and q,” and o,,” would be negligibly small. The 
following equations can-be written (cf. (5) (3), (8), (9) and (14) ). 


NyV1 + Neve = 0.00297 (23) 
miGi + nee = 0.166 (24) 
mi(oq,? + Gi?) + ne(oq,” + Go?) = 0.0311 X 0.166? (25) 
miGi? + neG2? = 0.00346 X 0.166? (26) 
1 
f Aqio(qi)dqr = vilt — Gu) — (09,7 + Gi*) = 0, 
0 
Vi = %q," + Gi’ approx. (27) 
1 
f Aqed(qz)dqe = ve(t — G2) — sez — (1 — 3S2)(aq,” + G2”) = 0, 
0 
Se = V2/G2 approx. (28) 


It makes little difference what value is assigned se, provided it is large 
(whether se=0.25, G2=4v2; Sso=.50, G2=2V2, Or Se=1, dominant lethal 
in nature G2=Ve, there is no appreciable accumulation in nature). As the 
limiting case we shall assume se=1. We shall also assume that v2=vi. 

The values of all the constants except N and m can now be found by 
solving the equations. 


ny = 282 Vi = V2 = 0.000,003,03 
ne = 698 Gi = 0.000, 581 
n = 980 Tq,” = 0.000,002, 69 


The frequency distribution of the complete recessives is: 
$(q:) = C(x ain qu?) Nqith mat v)—1( 7 aa qi)8ma-a-1 (29) 


To find the maximum possible value of N for a locality put m=o. The 
mean and variance can readily be obtained (WRIGHT 1937). 
._ _ T(2Nv + 3) 
qi = VaNTGNv) approximately (30) 


Gq; = V — G;’ approximately. (31) 
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By trial it is found that N is close to 6500. This must be far above the 
actual effective size of populations of localities, since these are certainly 
not completely isolated and the extreme assumptions made here (F =o and 
si: =o for the lethals in nature) increase the estimate. 

If there were complete panmixia within completely isolated ranges and 
the flies collected from one locality could be considered as a random sample 
from the range, the estimate 6500 could be applied to the whole range. 
But the conditions are not sufficiently realized to give this interpretation 
any value. If, as is undoubtedly the case, there is considerable exchange 
of population between localities of the same range, N for the locality must 
be much less than 6500, even assuming F =o, s:=o. The term (1—q,”)"% 
approaches 1, and as before, the variance of the distribution indicates 
Nm= 54. The approach is closer than with F+-s=o0.013 assumed before. 


DISCUSSION 


In the foregoing analysis, we have recognized nine major population 
constants and have attempted evaluation as far as possible from four 
primary data and two equations connecting G and oa,’ with the others. 
This left three degrees of indeterminacy. The solution of the six equations 
can be expressed as follows: 


NV = 0.00297 (32) 
ng = 0.166 (33) 
1/n + 36.3n0q2 = 0.00346 (34) 
no,”? = 0.000, 762 (35) 
s + F = 0.013 (if o,” = 0) (36) 
Nm = 4o + (if N lies between 80 and 1000) 
Nm = 15 + (if N is 2000) (37) 


Nm = 5 + (if N is 2500) 


A minimum estimate of n, number of loci in the third chromosome giving 
rise to lethals by mutation, was found to be 289 from (34) putting o,’=o. 
Unfortunately, this estimate is predicated on certain assumptions which 
lack experimental verification, namely that all the loci producing lethals 
have the same mutation rates (v) and that the lethals have no deleterious 
effects in heterozygotes. If the mutation rates are variable, the figure 289 
is an underestimate. Obviously there could be an indefinitely large number 
of loci, of which aJl but a small percentage have such exceedingly low 
mutation rates that the respective mutants are unlikely to be found either 
in mutation experiments or in nature. Not only dominant lethals, but also 
those producing appreciable deleterious effects in heterozygotes are elimi- 
nated probably very rapidly outdoors; the lethals that are retained in 
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natural populations must be very nearly, or completely, recessive. The 
possibility remains, however, that some of the genes in the third chromo- 
some produce only dominant or semi-dominant lethal changes. Such genes 
are evidently not included in the estimate. 

A lethal may represent a change within a single locus, a gene, or it may 
be structural change in the chromosome, such as a deficiency for one or 
several adjacent genes. Indeed, SLIzyNSKI (1038) and others have shown 
that, at least among the X-ray induced lethals in the X chromosome of 
Drosophila melanogaster, many are demonstrably deficiencies including 
usually a single or a few discs in the salivary gland chromosome. Among 
the spontaneous lethals the frequency of deficiencies is apparently lower 
than among the induced ones. Although no cytological study of the lethals 
in Drosophila pseudoobscura has been attempted, the situation in this 
species is presumably similar to that in melanogaster. Since several non- 
identical but overlapping deficiencies may behave as alleles, the allelism 
of lethals is not a proof of their identity. 

Assuming that each lethal is due to a change in or to a deficiency for a 
single gene, and that there is a one-to-one relation between genes and discs 
in the salivary gland chromosomes, a cytological estimate of the number 
of genes in a chromosome may be attempted. The map of the third chromo- 
some of Drosophila pseudoobscura published by DoBzHANSKyY and STURTE- 
VANT (1938) shows approximately 554 discs, but the authors state ex- 
plicitly that some of the discs have probably been missed. The right limb 
of the second chromosome of Drosophila melanogaster, which is supposed 
to be homologous to the third chromosome of pseudoobscura, has 1136 discs 
(according to the best existing map published by BrincEs and BrincEs, 
1939), and hence a maximum estimate of n would be of this order. Assign- 
ment of the minimum value, n= 289, gives a value for average mutation 
rate per locus, v, of about 10-5. If the maximum value for n is accepted, v 
lies between 10-5 and 10~*, which can hardly be considered excessively low 
for average mutability (TIMOFEEFF-RESSOVSKY 1937). 

The estimate of the population number, N, depends largely on the 
observed difference in the chance of allelism of lethals found in the same 
and in different localities. As already noted, there is nothing in the data 
which forbids the hypothesis that the chance of allelism for chromosomes 
from different traps of the same locality is the same as that between locali- 
ties. In this limiting case ,?=0. The apparent discrepancy between muta- 
tion and elimination rates becomes nine times as great as before, yet it 
requires only that s+F =o0.018 to balance it. In this case only the first 
three of the six equations (32-37) still stand, and no upper limit can be 
set to the value of Nm, except from consideration of the relation between 
the number of flies tested by one trap and the number in the whole “local- 
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ity,” not gi. n by the numerical data at hand. It must be reiterated, how- 
ever, that this difficulty is removed by newer observations, to be published 
elsewhere, which show that the chances of allelism of lethals collected in 
the same station simultaneously and at different times are practically 
identical. 

In conclusion it may be stated that we entertain no illusions regarding 
the lack of precision in the results obtained. At best it is hoped that the 
order of magnitude of certain variables effective in population dynamics 
has been arrived at. But at a certain stage of the development of a scientific 
subject even such rough estimates may be useful to guide further work. 
Although population dynamics has been discussed for decades, mainly in 
connection with evolutionary speculations, few attempts have ever been 
made to put the discussion on a basis of experimentally determined 
quantities. 

SUMMARY 


1. Samples of the population of race A of Drosophila pseudoobscura were 
made in eleven localities, each in a separate mountain forest, in the Death 
Valley region. Tests of 857 wild third chromosomes showed that 15.29 
+0.83 percent of them carried one or more lethals or semilethals. This is 
significantly less than found in similar samples from Mexico (28.1 +3.3 
percent) or from Guatemala (34.2+5.2 percent). Yet the rates of occur- 
rence of lethal mutations in stocks from these regions were substantially 
the same (Death Valley 0.00297 +0.00032, Mexico 0.00359 +0.00062, 
Guatemala 0.00284 +0.00061). In tests of pairs of lethals found in the 
same locality in Death Valley, 3.11 +0.42 percent were found to be allelic. 
On the other hand, only 0.407 +0.061 percent were found to be allelic in 
tests of all pairs of lethals from different localities. 

2. In attempting to interpret these figures, it is pointed out that account 
must be taken of at least nine properties of the populations and of the loci: 
the effective population number N, the inbreeding coefficient F, the im- 
migration index m, the number of loci in the third chromosome subject to 
lethal mutation n, the rate of mutation per locus per generation v, the 
possible selective disadvantage of heterozygotes s, the mean G, and the 
variance g,”, expected among genes with a given v and s under a given 
breeding structure (N, F, m), and finally an additional contribution to 
variance o,”, expected among genes which differ in the values of v and s. 

3. A determinative solution for these nine constants is obviously im- 
possible on the basis of four primary data and two relations of dependence 
(q, o?,). Evaluations of v, q, ¢,” and o,”, however, depend merely on evalua- 
tion of n, according to the following four indeterminate equations: 

(a) NV = 0.00297 (c) No,” = 0.000762 
(b) ng = 0.166 (d) 1/n + 36.3n0q? = 0.00346. 











50 TH. DOBZHANSKY AND SEWALL WRIGHT 


The last of these gives n= 289 as a minimum estimate of the number of 
mutable loci (assuming o,? =o). Consideration of the number of discs in the 
chromosome as seen in salivary gland cells suggests n=1000 as a rough 
maximum estimate. The probable range of values of v, Gq, o,”, and o,? can 
be deduced at once from this probable range of values of n. 

4. The observed mutation rate is more than four times as great as neces- 
sary to account for the elimination of lethals on the assump’ ion that these 
are completely recessive (s=o) and that there is random mating within 
localities (F =o). The possibility that about three fourths of the lethal 
mutations are lost at once in nature has been shown to be remote. 

5. If s is assumed to be the same for ali loci, the balance of gains and 
losses of lethals in nature can be accounted for according to the indetermi- 
nate equation (e), s+F =0.013. The data are as yet insufficient to discrimi- 
nate between the roles of s and F in this equation. 

6. The difference between the chances of allelism within and between 
localities can be accounted for by an indeterminate relation between N 
and m: 


(f) Nm = 40 + if N lies between 80 and 1000 
Nm = 15 + if N = 2000 
Nm= 5+ if N = 2500. 


The variability in the frequencies of chromosome aberrations (not dis- 
cussed in detail in the present article) indicates that Nm can hardly be less 
than five. It is concluded that the effective size of population in localities 
(collections from 10 to 20 traps along } to 1 mile) is less than 2500. A more 
exact determination of this value must await further data. 
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INTRODUCTION 


NE attack frequently used upon the problem of gene action consists 

in observing and attempting to interpret the results which follow 
when two or more mutations are brought together in a given strain of 
plants or animals. The present paper reports the results of such a study 
involving three Drosophila melanogaster mutations whose chief visible 
effects are upon the chaetae of the fly. 


MATERIALS 


The choice of mutations to be used in this investigation was dictated 
by four major considerations. The first of these was the desirability of 
employing factors whose effects alone and in combination with one another 
could be precisely evaluated. The second consideration was the assumption 
that an interpretation of factor interaction as seen in the adult can most 
profitably be attempted when the factors involved first bring about de- 
tectable departures from normal ontogeny at a relatively late stage of 
development (cf. BRINK 1927). Thirdly, any interaction of two or more 
genes can be studied more advantageously in case some data are at hand 
concerning the effects and modes of action of these genes when acting 
separately. Finally, it seemed probable that significant interaction effects 
were most likely to be found in cases where the factors studied affect the 
same characteristic. 

For these reasons the following three Drosophila melanogaster mutations 
were selected for study: Hairy wing (Hw, 1-0.0), hairy (h, 3-26.5), and 
polychaetoid (pyd, 3-39 +2). The chief visible effects of all three of these 
factors are upon the same characteristic, the chaetae of the fly. These 
effects may be accurately measured. Hw has been particularly studied by 
ROKIzKY (1930), DEMEREC and HOovER (1939), and NEEL (1940b). They 
found that Hw flies show extra hairs and bristles chiefly on the top and 
back of the head, on the dorsum and pleura of the thorax, and along the 
wing veins. The chief phenotypic effect of the pyd factor is upon the macro- 
chaetae; NEEL (1940b) found extra bristles at 16 out of 20 loci investigated 
in pyd flies. NeEet concluded that the extra macrochaetae which are as- 
sociated with the presence of either Hw or pyd in the genome are in some 
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cases the result of hypertrophy of hair primordia and in other cases are 
not to be associated with any element of the normal chaetal pattern. Extra 
bristles which do not correspond in position to a hair of the wild type pat- 
tern may either occur close to a normally located bristle or they may be 
found in a region which neither by the presence of hairs or bristles normally 
gives evidence of chaetal potencies. The / mutant, originally described by 
Mour (1922), is characterized by the presence of supernumerary micro- 
chaetae along the wing veins and on the scutellum, the thoracic pleura, 
and the top of the head. Inasmuch as the primordia of the chaetae do not 
appear until about the twenty-seventh hour of pupal life at 25°C (RoBERT- 
SON 1936), these mutations may from the phenotypic standpoint be classi- 
fied as relatively “late-acting.” However, we have little information as to 
how Jong the determinative processes which result in the eventual forma- 
tion of a bristle precede the visible embryonic differentiation of that 
bristle. The fact (see below) that flies homozygous for any of these muta- 
tions are smaller than wild type points to some effect of these factors during 
larval life, since it is largely then that size is determined. 


METHODS 


The starting points for the synthesis of the desired combinations of 
factors were the following four stocks: y Hw, se h, pyd, and an inbred 
Oregon wild type. The yellow gene (y, 1-0.0) is so closely linked to Hw 
that no crossing over between these factors has been recorded. Similarly, 
sepia (se, 3-26.0) is closely linked to h. It was therefore possible in crosses 
to use y and se as marker genes for the presence of Hw and h, respectively. 

Preliminary to the synthesis of stocks combining two or more of these 
bristle mutations, y Hw, se h, and pyd were introduced into a uniform 
genetic background by repeatedly crossing the mutant flies with flies of 
the inbred Oregon wild type strain and recovering the mutants in the F». 
This procedure of outcross and extraction was repeated 14 times in the 
cases of se h and pyd, and ten times for y Hw. BARTLETT and HALDANE 
(1935) have developed formulae for estimating the effectiveness of such 
a mating procedure in the production of a common genetic background in 
two strains. From their formulae it can be estimated that the average 
length of non-Oregon chromosome on either side of the closely linked y and 
Hw factors after ten outcrosses and extractions would be 17 genetic units, 
while after 14 outcrosses and extractions there would on the average be 13 
non-Oregon units on either side of the closely linked se and h, or pyd. 
Since Hw is located at the extreme left end of the X, the estimate of 17 
genetic units to either side must be modified to 17 genetic units to the right, 
and none, in the crossover sense, to the left. In what follows, reference will 
frequently be made to the deviation from normal which is associated with 
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the presence of a certain mutation in the genome. It is, of course, recog- 
nized that some portion of this deviation may be due to other genes in- 
troduced from the original strain which are closely linked to the particular 
mutation in question and which have not been replaced by their Oregon 
alleles. In other words, the study is not so much of the effects of single gene 
substitutions as of substitutions of small segments of chromosomes con- 
taining one or two readily detectable mutations. 

A further source of undesirable genetic differentiation between the three 
“Oregonized” mutant strains would be residual heterogeneity in the Oregon 
strain and the occurrence of slight and phenotypically undetectable muta- 
tions during the progress of the out-crossing and extraction. 

These prepared strains of y Hw, se h, and pyd were crossed so as to give 
the following four stocks: (1) se h pyd, (2) y Hw; pyd, (3) y Hw; se h, 
and (4) y Hw; se h pyd. The study which follows is based on these four 
strains, the three from which they were synthesized, and the standard 
Oregon strain, a total of eight different genotypes. 

Males of these eight stocks were examined with respect to six character- 
istics: right fore-femur length, number of dorsocentral bristles, number of 
scutellar hairs, number of scutellar bristles, number of hairs on the right 
second longitudinal wing vein, and number of teeth in the right sex-comb. 
For the first and last two characteristics, the left measurement was used 
if for any reason (loss, injury) the right measurement was not available. 
Five of the characteristics are chaetal. The sixth, femur length, was in- 
cluded in the study since it seemed desirable to have a check on the mean 
size of flies of the various strains. 

In any precise evaluation of gene effects it is necessary to raise flies in 
a standardized environment which is uniform for all flies studied. After 
considerable preliminary experimentation, the following culture technique 
was adopted. Well fed flies of the desired genotype were allowed to lay 
eggs on small food chips for eight to twelve hours. These eggs were divided 
into lots of 100, and each lot placed in a 23 X95 mm shell vial which con- 
tained ten cc of a 15 percent yeast solution absorbed on one sheet of 
Kleenex. The vials were stoppered with cotton plugs and incubated at 
24.0+0.3°C. Throughout the course of the experiments, yeast was pro- 
cured in one pound cakes from the National Yeast Company. It is possible 
that there are culture methods yielding larger flies than the procedure 
described. This method, however, has the advantage of being one which 
can be accurately duplicated from time to time. 


RESULTS 


The six characteristics in the eight genotypes, under 
standard conditions 


The condition of the various characteristics in the different genotypes is 
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shown in the columns of table 1 headed by an A. The B columns of the 
table are designed to furnish convenient frames of reference in evaluating 
the magnitude of the effects observed in combinations. These columns 
show what the expression of the characteristics would be in combinations 
of two or three mutations, if the effects of these mutations when combined 
were equal to the sum of their effects when acting separately—that is, if 


TABLE 1 


The results of combining mutations affecting the chaetae of Drosophila melanogaster. A columns, 
observed expression of the six characteristics investigated. B columns, expression expected in combi- 
nations of two or three mutations, on the basis of additive effects. The errors given are standard errors 
of the mean. Details in text. 






































MEAN NUMBER OF MEAN NUMBER OF 
FEMUR LENGTH () 
DORSOCENTRAL BRISTLES SCUTELLAR HAIRS 
GENOTYPE 
A B A B A B 
+ 5905.90+0.8 4.040+ 0.016 ©.0 +0.0 
pyd 559-2+0.7 5-755+0.072 0.0 +0.0 
seh 542.9+0.8 4-.030+ 0.014 24.06+0.23 
y Hw 5§56.5+1.0 7.415+0.120 4-50+0.11 
seh pyd 537-641.3 506.2+1.3 5.680+0.069 5§.74540.074 34.25+0.24 24.06+0.23 
y Hw; pyd 541.9+0.9 §19.8+1.5 9.810+0.159 9.130+0.140 5.61+0.11 4.50t0.11 
y Hw; seh §23.2+1.1 §03.5+1.5 8.370+0.074 7.405+0.122 40.51+0.24 28.56+0.25 
y Hw; seh pyd 535.4+1.1 466.8+1.7 12.680+0.119 9.120+0.141 54.92+0.33 28.56+0.25 
MEAN NUMBER OF MEAN NUMBER OF HAIRS ON MEAN NUMBER OF TEETH 
SCUTELLAR BRISTLES II LONGITUDINAL WING VEIN IN SEX-COMB 
GENOTYPE 
A B A B A B 
+ 4.000+ 0.007 0.0 +0.0 10.165+0.072 
pyd 4-37540.041 0.0 +0.0 9-965+0.064 
seh 4.225+0.033 8.46+0.24 10.070+ 0.070 
y Hw 4.1404 0.027 11.05+0.28 10.915+0.085 
seh pyd §.190+0.057 4.600+0.053 10.82+0.29 8.46+0.24 11.080+0.071 9.870+0.119 
y Hw; pyd 4.870+0.059 4.515+0.050 11.97+0.30 11.05+0.28 10.805+0.069 10.715+0.128 
y Hw; seh §.535+0.048 4.365+0.043 33-194 0.37 19.51+0.36 9.710+0.064 10.820+0.131 
y Hw; seh pyd 7.015+0.087 4.740+0.060 38.35+0.45 19.51+0.36 12.025+0.107 10.620+0.146 








their phenotypic effects were simply additive. The phenotype expected in 
a combination of mutations } and c on the basis of additive effects was 
calculated according to the formula 


Expected phenotype = A+(B—A)+(C-—A) =B+C-—A, 


where A is the numerical value of the characteristic in wild type flies and 
B and C its value in flies which carry the 6 and c mutations separately. 
The standard errors of the estimates in column B were calculated accord- 
ing to the formula 





oe = Vox? + op’ + ac’, 


where oa, op, and oc are the standard errors of the appropriate values of 
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column A. The occurrence of additive effects in a compound would sug- 
gest, although it would not necessarily demonstrate, a developmental 
independence of the reactions conditioned by the bristle factors involved. 
Conversely, significant differences between corresponding entries in 
columns A and B may be taken as indications of factor interaction. If the 
value given in column A is greater than the corresponding figure in B, we 
may speak of super-additive effects; if it is less, of sub-additive effects. 

The fact that the B columns are given for purposes of orientation in 
considering the data should be emphasized. From the standpoint of de- 
velopmental physiology, there is no a priori reason for expecting agreement 
between comparable entries in the two columns. 

The various mean values of the A columns are based upon measurements 
of 200 flies. All errors given in the table are standard errors. Since the 
standard error of the mean, ¢,,, is related to the standard deviation, o, by 
the formula ¢m=o/+/N (where N represents the number of individuals), 
and since N is constant for all these measurements, the relative variability 
of a given characteristic in the different genotypes may be judged directly 
from the magnitude of ¢,,. The distribution of most of the variates studied 
about their mean was essentially normal. However, in genotypes where the 
amount of deviation from wild type shown by such a trait as the dorso- 
central or scutellar bristles was small, the distribution curve was positively 
skewed, as might be expected. 

Throughout this study the condition of the six characteristics was re- 
corded separately for each fly. It was therefore possible to calculate for 
each genotype the correlation between any one characteristic and each 
of the others. Since six characteristics are involved, a total of 15 correla- 
tions was possible for each of the eight genotypes. In some cases the 
amount of variation shown by a characteristic was so small that no cor- 
relations which involved this measurement could be calculated. For this 
reason, only 83 out of a possible total of 120 correlations were derived. 
These are given in table 2. 

The data contained in tables 1 and 2 can most readily be considered if 
the various characteristics are taken up one at a time. 

Femur length. Femur length was used as a measure of fly size. NEEL 
(1940a) has reported that in the case of small groups of pyd males raised 
under diverse culture conditions, the relation between mean femur length 
and mean body weight appears to be linear (over a range in mean femur 
length from 516.0+4.6 to 582.0+3.2u, and in mean body weight from 
0.600+0.011 to 0.953 +0.004 mg). From the data collected at the time 
of that investigation, the equation for the regression of body weight on 
femur length can be calculated to be 


Y = 0.0047X — 1.828 
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where Y equals mean body weight and X, mean femur length. This equa- 
tion is strictly applicable only to the pyd flies used in its derivation, but it 
may be employed in connection with the present work to obtain an esti- 
mate of the weight of flies of the different genotypes, if the weights so 
calculated are regarded only as approximations. These weights are as 
follows: +—o.97 mg, pyd—o.80 mg, se h—o.72 mg, y Hu—o.79 mg, 
se h pyd—o.70 mg, y Hw; pyd—o.72 mg, y Hw; se h—o.63 mg, and y Hw; 
se h pyd—o.69 mg. All the strains containing only one bristle mutation 
are smaller than wild type. The se h flies are particularly small. This is 
paralleled by a higher larval and pupal mortality for se kh than for +, pyd, 
or y Hw. In combinations the different factors do not reduce size as much 
as when acting separately, although the order of effectiveness remains the 
same. 

The strain combining all three bristle factors is larger than y Hw; se h, 
although smaller than y Hw; pyd or se h pyd. This rather surprising fact 
may be due to the operation of some uncontrolled environmental variable. 
As an alternative, we may assume that the addition of pyd and the closely 
associated genes to the y Hw; se h complex somehow offsets the: size- 
reducing tendency of the latter. In this connection, GONZALEz (1923) noted 
that purple-arc flies lived longer than either purple or arc individuals, 
although both purple and arc acting separately tend to reduce viability. 
More recently, BRIERLY (1938) has recorded somewhat similar findings. 

The correlations between the femur length of any one genotype and its 
various other characteristics are generally small and positive. However, 
seven out of the 31 correlations of table 2 which involve femur length 
exceed three times the value of their standard errors. This indicates that 
in the different genotypes there is a slight tendency, even under these 
conditions of limited size variability, for character expression to be posi- 
tively linked with size or factors common to size and the character. Such 
a dependence upon a common variable would tend to establish correlations 
between the different chaetal traits of a genotype. It has been shown by a 
number of investigators that in instances where greater size variations 
are encountered, the expression of various characteristics is much more 
significantly related to fly size. This is certainly true in the case of pyd 
(NEEL 1940a), and observations made during the course of these experi- 
ments suggest that it is also true for h and Hw. The fact that there are such 
wide size differences between the various genotypes of this study thus 
raises a question which is fundamental to an investigation of this nature. 
Are we justified in drawing conclusions as to the relative effects of these 
three mutations, either alone or in combination, from groups of flies differ- 
ing so widely in size? This problem will be returned to later. 

These bristle mutations were originally selected for study, among other 











GENE INTERACTION 59 


reasons, because they were believed to be “late-acting.” But the consider- 
able differences in mean fly size between the strains probably indicate an 
action of the mutations during larval life, although no evidence is available 
as to the nature of this action. 

Mean number of dorsocentral bristles. Both pyd and particularly y Hw 
flies are characterized by numerous extra dorsocentrals; se h individuals 
are not significantly different from wild type in this respect. In combinacion 
with pyd, the se h genes have no effect upon the dorsocentrals, yet in com- 
bination with y Hw the same factors have a positive influence, and in 
combination with y Hw; pyd a still stronger positive effect. The se h pyd 
flies do not deviate significantly from expectation on the basis of additive 
effects; the phenotypes of the other three compounds are super-additive. 

Karp (1936) reported that 4 when not combined with any other bristle 
mutant had an insignificant tendency to reduce the number of sterno- 
pleural bristles, whereas in Hw/+; h/h females h had a positive influence 
on bristle number. However, Hw/Hw; h/h females had the same number 
of sternopleurals as Hw/Hw; +"/+-* flies. 

Mean number of scutellar hairs. Normally there are no hairs upon the 
scutellum. This condition obtains in pyd flies, but y Hw individuals have 
a few and se h flies have many hairs in this region. The distribution of the 
hairs differs in the latter two genotypes. In y Hw the hairs are usually on 
the anterior part of the scutellum, near and in the scutellar groove. In se h 
the hairs are more scattered over the whole scutellum, being particularly 
concentrated near its lateral and posterior margins. In this investigation, 
only those scutellar hairs were counted whose bases could be seen from a 
full dorsal view. 

The y Hw and se h complexes interact strongly. In combination with 
either se h or y Hw, pyd acts as a fairly strong positive modifier; in combina- 
tion with both of them it has an even stronger positive tendency. It ap- 
pears that the effects on the scutellar region of pyd uncombined with any 
other bristle mutation are below the threshold which must be exceeded 
to give a visible effect; when that threshold is altered, as by the introduc- 
tion of y Hw or se h into the genotype, the pyd effect is now detectable. 

These results are in contrast to those of Karp (1936), who found the 
combination of Hw and h to have a sub-additive effect upon the number of 
sternopleural hairs. 

Mean number of scutellar bristles. All three of the strains containing one 
bristle mutation show significantly more scutellar bristles than the wild 
type. Combinations of the various mutations uniformly show marked 
super-additive effects, which are most pronounced where the se 4 complex 
is involved. 

It has been suggested that at least a portion of the action of pyd and 
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Hw consists in causing hair primordia to hypertrophy into bristles (NEEL 
1940b). As we have seen, se h flies have many extra hairs on the scutellum. 
The interaction of pyd and y Hw with se h might accordingly be attributed 
to a tendency for hair-primordia dependent upon se k to hypertrophy in 
the presence of y Hw or pyd. The same tendency might be true to a lesser 
extent of the interaction of y Hw and pyd. 

This hypothesis finds confirmation in the correlations between scutellar 
hairs and scutellar bristles. These correlations are uniformly negative, 
although in only one out of the four cases are they clearly significant 
(table 2). As the number of bristles increases, the number of hairs tends to 
decrease. Inasmuch as both scutellar hairs and bristles show a slight 
tendency to be correlated positively with femur length, the influence of 
this association on the scutellar hair-scutellar bristle relationship was 
partialled out by the multiple correlation technique. The correlations 
between the scutellar hairs and bristles in the four genotypes then became: 
seh pyd, —0.127+0.070; y Hw; pyd, —0.047 +0.071; y Hw; se h, —0.245 
+0.067; and y Hw; se h pyd, —0.323+0.062. For the two significant cor- 
relations, the regression equations of hair number on bristle number were 
established as follows: 


y Hw; seh: Y = 47.2 — 1.2X 
y Hw; seh pyd: Y = 63.5 —1.2X% 


The symbol Y represents hair number, and X, bristle number. In these 
genotypes, the addition of one bristle tends to be paralleled by the dis- 
appearance of about 1.2 hairs. This fits in well with the hypothesis of 
hypertrophy of hair primordia as a source of extra bristles, although it 
does not rule out the possibility that bristles appear independently of 
hairs and tend to suppress them. In the cases of y Hw; pyd and se h pyd 
it would have to be postulated that hair hypertrophy is rarer than in the 
other two genotypes. 

Mean number of hairs on the right second longitudinal wing vein. The 
situation here is comparable to the findings regarding the scutellar hairs. 
In se h and y Hw flies, numerous hairs are located on the second longitudi- 
nal wing vein. Polychaetoid flies show the normal, hairless condition of 
this vein—yet in combination with the other two mutants, pyd has a 
positive effect upon wing hair number. Here again it is perhaps permissible 
to speak of a lowering of the threshold of visible effect by se h or y Hw and 
a consequent detectable influence of pyd when in combination with them. 
The interaction of y Hw and se h is characterized by very marked effects 
upon the wing hairs. This is illustrated in figure 1, which is a photomicro- 
graph of typical wings from y Hw, se h, and y Hw; se h males. Moreover, 
wing venation is abnormal in the y Hw; se h compound. The irregular, 





























FiGuRE 1.—The effects upon the wing hairs of se h, y Hw, and the combination of these two 
complexes, y Hw; se h. Left, se h; center, y Hw; and right, y Hw; se h. The wings pictured were 
chosen as typical of the genotypes which they represent. (Photographed by Ruby Gay Stewartson, 
Carnegie Institution, Cold Spring Harbor, N. Y.) 
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branching, and plexate veins of the y Hw; se h wing seen in the figure are 
quite characteristic of flies of this genotype. This condition is even more 
pronounced in y Hw; se h pyd individuals. When counts were made of the 
wing hairs of y Hw; se h or y Hw; se h pyd males, hairs were counted as 
being on the second longitudinal vein if they were located on a branch off 
this vein but were still closer to this vein than any other of the wing veins. 
This procedure may contribute in part to the apparent magnitude of the 
super-additive effects. 

The figure illustrates the fact that the wing surface tends to be uneven 
in y Hw and its compounds. 

Mean number of teeth in the right sex-comb. The sex-comb normally con- 
sists of a single row of modified microchaetae known as teeth, located on 
the first tarsal segment. Both pyd and se h flies have slightly although in- 
significantly fewer teeth in the sex-comb than wild type; y Hw individuals 
possess significantly more.. However, the combination of pyd and se h 
results in a fly possessing significantly more teeth than wild type. Two 
factors which when acting separately appear to have if anything a negative 
influence on a structure have in combination a strong positive effect. The 
combination of either pyd or se h with y Hw gives flies having fewer teeth 
in the sex-comb than is the case in y Hw. However, when pyd and se h are 
brought together again, this time in combination with y Hw, the same 
positive interaction is again observed. 

In all genotypes containing y Hw there is a tendency towards doubling 
of the sex-comb—that is, arrangement of the teeth in two or more rarely 
three closely parallel rows. Usually one row is large and the other row or 
rows small, consisting of one to four teeth. In y Hw, y Hw; pyd, and y Hw; 
se h, doubling is found in only three to six percent of the flies, but 49 per- 
cent of the y Hw; se h pyd flies had doubled sex-combs. In this latter 
genotype there is a high correlation between the total number of sex-comb 
teeth present and the occurrence of doubling. When number of teeth 
is correlated with the alternative conditions of doubled and non-doubled, 
the value of biserial r is 0.794 +0.026. 


The manifestation of the factors under 
varied culture conditions 


Before any conclusions are drawn from these findings, the question of 
the general validity of the results should be considered. Would the rela- 
tive magnitudes of the effects be the same under all culture conditions? The 
following experiment was undertaken to give partial answer to this ques- 
tion. Wild type, se h, y Hw, and y Hw; se h flies were kept in the presence 
of abundant food for several days. Then cornmeal-molasses-agar cultures 
were made up according to the BripGEs (1932) formula, seeded with 











62 JAMES V. NEEL 


yeast, and a day later two pairs of flies of the appropriate genotype were 
introduced into each culture. During the development of the flies the cul- 
tures were kept at 24°C. Those offspring which appeared during the first 
three days of emergence were collected, and the mean number of dorso- 
central and scutellar bristles determined. The results are given in table 3. 
There is a tendency for bristle numbers to be slightly higher under these 
conditions than with the previously employed technique. However, the 
nature and extent of the effects remain very similar to those reported 


above. 
TABLE 3 
Mean number of dorsocentral and scutellar bristles present in +, y Hw, se h, and y Hw; se h male 
flies raised at 25°C on standard cornmeal-molasses-agar. The errors are standard errors of the mean. 
The letters A and B have the same significance as in table r. 














NUMBER OF MEAN NUMBER OF MEAN NUMBER OF 
GENOTYPE 
FLIES DORSOCENTRAL BRISTLES SCUTELLAR BRISTLES 
A B A B 
+ 180 4.017+0.012 4.000+0.000 
y Hw 137 7.241+0.120 4.23440.043 
seh 203 4.118+0.026 4.316+0.041 
y Hw; seh 04 8.830+0.11r 7.342+0.123 5§.851+0.075 4.550+0.059 





Heterozygous pyd and h as dominance modifiers 


Additional data on factor interaction were gathered during the synthesis 
of the various stocks used. Although both pyd and se h when acting sepa- 
rately behaved as recessives, flies simultaneously heterozygous for both 
these complexes showed significant departures from wild type bristle 
numbers. In table 4 is shown the mean number of bristles present at or 
near four different loci, in se h/+ +, pyd/+, and seh +/+ + pyd flies 
raised at room temperature (21+2°C) on standard cornmeal-molasses- 
agar. All strains had been made isogenic with the Oregon stock as reported 
above. Only those offspring which emerged within three days after the ap- 
pearance of the first flies were used in the counts. Males and females were 
recorded separately, since females tend to have slightly more bristles than 
males. 

The mean number per side per fly of anterior and posterior dorsocentrals, 
and of posterior scutellars, is the same for all genotypes, with one excep- 
tion. There are significantly more bristles at or near the anterior dorso- 
central locus of pyd/+ males than at the same locus in se h/+ + or 
seh +/+ + pyd males. This may be a random occurrence, inasmuch as it 
was not duplicated in females of the same genotype. The frequent occur- 
rence of supernumerary anterior dorsocentrals observed in all three strains 
is also characteristic of the Oregon wild type line under these conditions. 








GENE INTERACTION 63 


The situation with respect to the anterior scutellar locus is different. 
There are significantly more bristles present at this position in seh +/+ + 
pyd males and females than in either sex of pyd/+ or se h/+ +. Although 
non-allelic, these two recessive complexes when combined in the hetero- 
zygous condition can so reinforce each other’s action as to result in a 


TABLE 4 
The interaction of heterozygous pyd and se h with each other and with y Hw. The symbols for the 
bristles used in the table have the following meanings: M adc, mean number of anterior dorsocentral 
bristles per side per fly; M pdc, mean number of posterior dorsocentrals per side per fly; M asc 
mean number of anterior scutellar bristles present per side per fly; M p sc, mean number of posterior 
scutellars per side per fly. 








GENOTYPE 


























BRISTLE seh/++ pyd/+ se h+-/++ pyd 
[oslo gee ae Bi ad ge 
Madc I.119t0.015 1.194t0.018 1.200¢0.018 1.220+0.017 1.084+0.013 1.208+0.018 
M pdc 1.005+0.003 1.017+0.006 1.008+0.004 1.020+0.006 1.005+0.003 1.002+0.002 
Masc 1.007+0.004 1.033+0.008 1.028+0.007 1.046+0.009 1.142+0.017 1.272+0.020 
M psc 1.000 1.000 1.004+0.003 1.002+0.002 1.002+0.002 1.000 
Number of half thoraces 436 458 494 603 430 515 
GENOTYPE 
sini y Hw y Hw; seh/++ y Hw; pyd/+ 
y Hw yHw/++ yHw;seh/++ yHw/++; y Hw; pyd/+ yHw/++; 
(aH) (2 2) (Aa) seh/++ (9 2) (a) byd/+ (2 2) 
M asc 1.33940.028 1.236+0.021 1.641+0.046 1.513+0.034 1.826+0.042 1.624+0.038 
M psc 1.09440.017. r.105to.ors 1.488+0.043 1.522+0.038 1.665+0.043 1.662+0.038 
Number of half thoraces 298 390 170 226 230 283 





significant deviation from wild type. GoLpscHMmipt (1937) and GoLp- 
SCHMIDT and HGNER (1937) have reported somewhat similar phenomena. 

By way of explanation of the probable restriction of dominance modifi- 
cation to the anterior scutellar locus, it might be pointed out that this 
locus is the only one of the four considered to be frequently marked by an 
extra bristle in se h flies. It is also often characterized by an extra bristle 
in pyd individuals, and is thus the place at which, phenotypically, se 4 and 
pyd exert a maximum of common effect. We could therefore conclude that 
although in heterozygous pyd/+ and se h/+ + there are no visible effects 
at this locus, there are nevertheless sub-threshold effects, which combine 
in the double heterozygote to reach the level of visible expression in séme 
flies. 

When y Hw males and y Hw/+ + females are made heterozygous for 
se h or pyd, there is likewise a significant effect upon bristle number. This 
is shown in table 4, using scutellar bristles as an example. 
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DISCUSSION 

The combination of two and three factors affecting chaetal characteris- 
tics in a positive direction has resulted in flies deviating widely from an 
additive phenotype. This would imply that the relatively simple embryo- 
logical systems assumed in the calculation of additive effects do not exist 
in these flies. Rather, some marked factor interaction, resulting in a strong 
mutual reinforcement of phenotypic effects, is indicated. 

Cstk (1934), in a study of factor interaction among mutations affecting 
wing shape, observed “proportional” effects in many cases. Calculations 
show that the present data come slightly closer to showing proportional 
than additive effects. But the differences between expectation on the basis 
of proportional effects and the observed results are so large that the con- 
cept of proportional effects is obviously of no use in this case. 

It would perhaps be possible to elaborate from the present data an 
hypothesis of factor interaction capable of bringing into line all or most of 
the observed data pertaining to the chaetae. Any attempt to do this at 
present, however, seems premature, since it overlooks the possible signifi- 
cance to a study of this nature of the size differences between the various 
genotypes. Does the comparison of character expression in groups of flies 
of very different average sizes give an accurate picture of gene effects, if 
character expression is correlated with size? It might be argued that 
inasmuch as size is genetically controlled, differences in size among geno- 
types are aspects of gene action which are a part of the total picture of 
gene effects. But small size may be due to structural defects in some part 
of the alimentary tract, inability to utilize satisfactorily some element of 
the diet, etc. Comparison of flies which are small due to causes of this na- 
ture with large flies is akin to comparing groups of flies raised under dif- 
ferent nutritional conditions. Work aiming to evaluate the significance 
of these size differences between the eight genotypes is under way. It 
seems best to defer further speculation concerning the nature of the factor 
interaction seen here until these data are available. 

A factor which in one genotype visibly affects only one or two chaetal 
characteristics may in another genotype prove to be a modifier of a third 
characteristic. For example, pyd in the Oregon background has no visible 
effect upon wing hairs, while se 4 has marked effects. However, the com- 
bination of pyd with se h has more wing hairs than simple se h. We are 
faced with two alternatives: (1) this modifying effect of pyd is a physio- 
logically “new” effect, appearing only in se h pyd flies, or (2) the modifying 
effect is the expression of a physiological deviation from normal already 
present in pyd flies, but not reaching the threshold of visible expression. 
In this latter case we would recognize that a gene may have a rather 
general effect, which reaches the threshold of phenotypic deviation from 
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wild type only in certain limited areas. A factor which has only a slight 
visible effect might on this view induce sub-threshold variations in many 
characteristics. 

Facts similar to the above can be found in the work of several investi- 
gators. PLUNKETT (1926) and STURTEVANT and ScHULTz (1931) found, to 
quote PLUNKETT, that “in many cases a gene which alone has apparently 
no effect upon a particular bristle greatly intensifies the effectiveness of 
another gene in removing that bristle” (p. 192). HeERSH (1929) marked 
different sections of the X chromosome with mutant genes and found that 
some sections acted as positive modifiers of eye-facet number in Bar-eyed 
flies, some as negative modifiers. HARNLY and HaRNLY (1935) observed 
that although the only detectable effect of the dimorphos mutation when 
it is introduced into a wild type strain is a slight roughening of the eyes at 
high temperatures, in combination with vestigial, which strongly reduces 
wing size, dimorphos modifies both the size of the wing and the relation 
of wing area to the temperature prevailing during development. WADDING- 
TON (1939) postulates that in a case where a factor had no visible effect on 
the segmentation of the tarsus, nevertheless a “sub-threshold effect on 
the segmentation must have been present, since in compounds with other 
genes affecting segmentation, the most surprising degree of enhancement 
was seen” (p. 42). 

The existence and determination of pattern in bristle mutants has 
aroused considerable discussion. In 1926 PLUNKETT pointed out that 
Dichaete flies, which are characterized by many missing bristles and ab- 
normally held wings, deviate most widely from wild type in the vicinity of 
the presutural bristle and tend to become more normal as distance from 
this spot increases in any direction over the thorax. He postulated that 
during early embryonic development a precursor of a catalyst of a bristle- 
destroying reaction diffuses out from two bilaterally symmetrical centers 
in the egg. These centers correspond to the region of greatest effect of Di- 
chaete in the adult. SruRTEVANT and ScHuLTz (1931) and GOLDSCHMIDT 
(1931) have advanced similar hypotheses to explain the pattern of missing 
bristles seen in scute flies. However, MULLER (1932), CHILD (1935) and 
IvEs (1939) have questioned the validity of the application of a diffusion 
hypothesis to the scute case. 

Recently, SPARROW and REED (1940) studied a strain of D. melanogaster, 
the members of which possess many extra bristles. The trait seems to have 
a multigenic basis. They assume that the condition of the bristles in this 
strain can best be explained by the diffusion of a substance from a center 
sometime during development and cite as evidence for the assumption the 
following facts: (1) There is a gradient in bristle frequencies, extra bristles 
occurring most frequently in the anterior scutellar region, and usually 
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decreasing in frequency as distance from that point increases. (2) There is 
a significant positive association between affected bristle loci on the same 
side of the fly. (3) There is a gradient in left-right correlations between 
homologous bristles on the two sides of the fly, these being highest where 
extra bristle frequency is greatest. Point one, as clearly shown by CHILD 
(1935) in connection with scute, is scarcely proof for a diffusion hypothesis, 
since the appearance of a pattern may be a statistical phenomenon not cor- 
responding to the condition in individual flies. As for points two and three, 
PLUNKETT (1926) and others since then have pointed out that evidence of 
this nature is valid only when the flies are genetically homozygous and 
have been raised under very uniform environmental conditions. Although 
the flies studied by SPARROW and REED were long inbred, there is room for 
some doubt as to the adequacy of the environmental control. The only 
statement by the authors with respect to this is: “the usual Drosophila 
culture methods were employed and cultures were reared at room tempera- 
tures which varied a few degrees from 21°C” (p. 412). The associations and 
correlations upon which their diffusion theory rests, although significant, 
are low. It seems possible that more carefully controlled temperature and 
culture conditions would reduce these statistics below the level of signifi- 
cance and so destroy the basis of a diffusion hypothesis. A simultaneous 
study of scute-8 by these authors revealed no evidence for diffusion 
phenomena. 

NEEL (1940b) found that in pyd flies the presence of an extra bristle at 
one locus was entirely independent of the occurrence of an extra bristle at 
another locus. The pyd mutant is morphologically rather similar to the 
extra-bristled type studied by SPARROW and REED. 

The data reported in this paper offer little suggestion of the existence of 
a developmental process coordinating the manifestation of the various 
chaetal characteristics of a fly. Correlations between the various chaetal 
traits of a genotype are usually not significant (table 2). The importance 
of size heterogeneity as a contributing factor to such significant correlations 
as do exist has already been mentioned. Nevertheless, it should be pointed 
out that in a few cases, mostly in y Hw flies, there are some rather high 
correlations (y Hw dorsocentral bristles-wing hairs, y Hw dorsocentral 
bristles-scutellar hairs), which are as yet unexplained. 


SUMMARY 


Hw, pyd, and h, three D. melanogaster mutations characterized by an 
increase in the number of micro- and/or macrochaetae, were selected for a 
study of factor interaction. Femur length, number of dorsocentral bristles, 
number of scutellar hairs, number of scutellar bristles, number of hairs on 
the second longitudinal wing vein, and number of teeth in the sex-comb 
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were compared in +, pyd, se h, y Hw, se h pyd, y Hw; pyd, y Hw; se h, 
and y Hw; se h pyd males. By appropriate breeding techniques the strains 
had been rendered comparable with respect to almost all genes except the 
immediate regions on both sides of those detectable mutations which 
served to distinguish the strains. 

All the mutant strains were considerably smaller than wild type. 

The effects upon the chaetal characteristics of the mutations in combina- 
tions were generally super-additive—that is, greater than the sum of their 
effects when acting separately. The condition of the teeth in the sex-comb 
was an outstanding exception to this. 

The absence, with some few exceptions, of significant correlations be- 
tween the expression of the various chaetal traits indicates a developmental 
independence of these traits. 

When culture conditions were varied, the relative effects of the mutations 
remained the same, although the absolute magnitudes of their effects 
changed. 

Polychaetoid and se kh when not combined with each other behaved as 
recessives. However, animals simultaneously heterozygous for both se h 
and pyd showed significant deviations from the wild type condition of the 
chaetae. Likewise, both heterozygous se h and pyd modify the expression 
of y Hw. 
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OLYPLOIDY in the animal kingdom has been found to be a rare oc- 
ain A few polyploid races are known which are all partheno- 
genetic. VANDEL (1926, 1937) has reported the existence of a parthenogenetic 
triploid race of isopods in Trichoniscus elisabethae. ARTOM (1925) found a 
parthenogenetic tetraploid race in the brine shrimp, Artemia salina. And 
according to Gross (1932) and Baricozzi (1934) an octoploid race of 
Artemia also exists. SEILER (1927, 1936) has described parthenogenetic 
tetraploid races in two species of moths, Solenobia lichenella and S. 
triquetrella. Recently SUOMALAINEN (1940) reported an interesting dis- 
covery of polyploidy in weevils of the family Curculionidae, in which 
parthenogenetic triploid and tetraploid species have been found. 

Occasional polyploid individuals appear in normally diploid species. 
Triploids and tetraploids have been found in Drosophila (BRIDGES 1921, 
1925; L. V. MorGan 1925). Triploids have also been discovered among 
preserved embryos of frogs, Rana esculenta (HERTWIG and HERTWIG 1920; 
Datcg 1930), and of salamanders, Triton palmatus (FANKHAUSER 1934), 
and Triturus viridescens (FANKHAUSER and KAYLOR 1935). PARMENTER 
(1933) found one parthenogenetic triploid larva in Rana pipiens which 
developed from an egg that had been pricked. KAWAMuRA (1939a) has 
obtained in a similar way parthenogenetic triploid, tetraploid, and even 
hexaploid larvae in the Japanese frog, Rana nigromaculata. Triploid in- 
dividuals have been identified among living larvae of the newt, Triturus 
viridescens (FANKHAUSER (1938a), and both triploid and tetraploid larvae 
in a living population of the two-lined salamander, Eurycea bislineata 
(FANKHAUSER 1939b). 

Experimental means of inducing polyploidy have been used extensively 
on plants. The methods employed have been effective both in bringing 
about chromosome multiplication in somatic tissue and in causing the 
formation of gametes with the unreduced number of chromosomes. Sax 
(1937) has reviewed the various agents causing the production of polyploid 
cells. 

* The cost of the accompanying halftone illustrations is borne by the Galton and Mendel 
Memorial Fund. 


1 Submitted to the Faculty of Princeton University in partial fulfillment of the requirements 
for the degree Doctor of Philosophy, June, 1940. 
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One of the most successful experimental methods for inducing polyploidy 
has been the application of extreme temperatures. The effect of low tem- 
perature on Datura and other plants was described by BELLING in 1925. 
He found that low temperature applied during meiosis resulted in non- 
reduction and consequent doubling of the chromosomes in the gametes. 
Diploid gametes produced in this way combined with normal haploid 
gametes to give triploid zygotes. High temperatures have been found to 
cause somatic doubling. RANDOLPH (1932), working with maize, has used 
this treatment on root tips of seedlings, on the zygote, and on the pro- 
embryo. SAx (1936) and DERMEN (1938) have found that alternating cold 
and heat treatments provide another effective means of producing diploid 
and tetraploid gametes. 

Exposures of eggs to low and to high temperatures have been very useful 
in inducing polyploidy in animals. Gross (1932) has obtained tetraploid 
and octoploid individuals in Artemia salina, developing from eggs of di- 
ploid and tetraploid females, respectively, which had been exposed to a 
temperature of 4°C while the eggs were in the oviduct. This treatment 
caused the eggs to retain the polar body which would normally be given 
off during the single maturation division. Tetraploid silkworms have been 
produced by high temperature treatment of the eggs immediately after 
oviposition (HASIMOTO 1933). 

Chromosome duplication arising by low temperature treatment has been 
obtained in amphibian eggs by Rostanp (1934, 1936, 1938). ROSTAND 
studied the effect of refrigeration on hybridization between species of 
frogs and toads. Certain of the hybrid combinations which normally do 
not survive late embryonic stages do, under the influence of refrigeration 
immediately after fertilization, develop into swimming larvae. These 
larvae develop from eggs in which the sperm chromosomes are eliminated 
from participation in development. They are gynogenetic. Most of the 
tadpoles arising as a result of the refrigeration are gynogenetic haploids; 
few are diploid. Rostanp believes that the cold treatment determines 
not only gynogenetic development, but also causes a duplication of ma- 
ternal chromosomes, giving rise to diploid eggs. His work suggested the use 
of cold treatment for inducing triploidy in Triturus viridescens. Experi- 
ments carried out in the late fall of 1938 were at once successful. The re- 
sults have been reported in a preliminary communication (FANKHAUSER 
and GRIFFITHS 1939). These experiments have since been repeated and 
confirmed (GRIFFITHS 1940). 

To PROFESSOR GERHARD FANKHAUSER I am deeply indebted for the 
suggestion of this problem and for the opportunity to carry out the experi- 
ments. I wish to thank him for the aid and advice he has always willingly 
given me. I am grateful to Miss Rita Crorta for her assistance in the 
care of the animals and for advice on technical details. 
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MATERIALS 


The eggs of the common American newt, Triturus viridescens, were used 
in these experiments. Adult females were collected in October, 1938, and 
again in November, 1939, from a pond near Hellertown, Pennsylvania. 
The animals were brought into the laboratory and were kept in the re- 
frigerator at about 10°C, a temperature which will prolong the normal 
activity of the ovaries of captive animals. 

The normal breeding season of the newt is in the spring, during April 
and May. Eggs are obtainable during the fall and winter months by means 
of pituitary stimulation. In November, 1938, and again in December, 1939, 
and January, 1940, large females were implanted subcutaneously with 
anterior pituitary lobes from females of Rana pipiens, according to the 
technique developed by Kaytor (1937). A total of twelve females were 
used in these experiments. Each female was implanted twice, underneath 
the skin of the lower jaw, with a single gland, allowing an interval of two 
days between two implantations. The animals began to lay eggs on Elodea 
leaves usually on the first or second day following the second implantation 
and deposited from 30 to more than too eggs in the course of eight to nine 
days. Both freshly collected specimens and animals kept in the laboratory 
for almost two months before implanting gave these results. Eggs from 
animals kept in captivity for more than two months were not used, since 
they are usually less viable than eggs from freshly collected animals. 


METHODS 


Newt eggs are deposited singly and are fertilized as they pass through the 
cloaca by spermatozoa stored in the spermatheca connecting with the 
cloaca. The female requires only about three minutes for the deposition of 
each egg, and it is therefore easy to obtain the eggs within a very short 
time after insemination. At this time the egg is in the metaphase of the 
second maturation division. 

Eggs were collected immediately after laying and were placed in small 
dishes at the desired low temperature. After the treatment which lasted 
two to twenty-four hours, they were allowed to develop at room tempera- 
ture (20° to 23°C). In the preliminary work in November, 1938, an ordinary 
electric refrigerator was used. Last fall further experiments were under- 
taken to determine more precisely the factors involved in the induction of 
triploidy, by a more careful control of the temperature, of the stage when 
the eggs were exposed, and of the duration of the exposure. In these experi- 
ments a constant temperature water bath was employed and so equipped 
that covered stender dishes could be completely immersed in water at the 
desired temperature. All control eggs were left at room temperature. 

When the larvae developing from treated and control eggs reached the 
stage of three finger buds (three to four weeks), just before they began to 
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feed, the posterior one-third of their tails was cut off and fixed in Bouin’s 
solution, after the method described by FANKHAUSER (1938a). These tail- 
tips were then stained with Harris’ acid haemalum. Mitotic figures can 
usually be found in the epidermis of the tailfin. Chromosome counts in 
metaphase plates were made for each larva. 

After tail-tip amputation, the larvae were allowed to continue develop- 
ment. All the experimental and control animals from the same female were 
kept under the same conditions of temperature, food, volume of water per 
animal, and of water change. Each young larva was put into an individual 
watch-glass after tail-clipping and was fed small Daphnia until the hind 
limb buds appeared (seven weeks). At this time each larva was transferred 
to a larger finger bowl and fed Enchytraeus worms from then on. 

Most of the animals were fixed at some time during metamorphosis, 
since they are difficult to raise beyond this stage. All animals were fixed 
in Michaelis’ fluid, and a number of them were sectioned at 15u. The sec- 
tions were stained with the nuclear stain, Harris’ acid haemalum, and 
counterstained with Orange G. Drawings of the nuclei were made with the 
camera lucida, using a 10X ocular and the 43x objective. 


RESULTS 
General results 


A total of 245 eggs, from a dozen different females, were refrigerated in 
the course of these experiments. This number represents four groups of 
eggs, each group being subjected to treatment at a different temperature 
and for different periods of time. Summaries of the results in each series 
are presented in table 1 and table 2. 


TABLE 1 


Summary of development of refrigeration and control eggs. 











SERIES A SERIES B SERIES C SERIES D 
REF. CON. REF. CON. REF. CON. REF. CON. 
Total 114 146 78 67 39 33 14 10 
Died before end of gastrulation 64 10 32 II 21 _— 7 _— 
Died in early embryonic stages 15 19 3 _— 2 _ I _ 
Normal larvae 24 +4117 41 56 15 33 5 10 
Slightly abnormal larvae I — 2 _ I _ I _ 
Dwarfed, more or less edematous 
larvae 10 _— _ _ — — _ — 





One hundred out of 245 refrigerated eggs were successfully reared to 
swimming larval stages. The remaining 145 eggs died in greatest numbers 
during cleavage, which in many cases was very irregular, and during the 
critical period of gastrulation. A few underwent irregular neurulation and 
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died in abnormal embryonic stages. This mortality represents 59.1 percent 
of the total number of treated eggs. This rate is much higher than in un- 
treated control eggs where the rate is only 11.7 percent of the total. The 
mortality varied greatly between groups of treated eggs obtained from 


TABLE 2 
Summary of the effects of variation in the treatment. 








DURATION OF NUMBER OF LARVAE 
SERIES TEMPERATURE STAGE AT WHICH TREATED 





TREATMENT 3N 2N N 
A 0.5° to3.0°C Immediately after fertilization 16 to 26 hours 24 I 10 
B_ 1.55° to1.6°C Immediately after fertilization 2 hours — 2 — 


Immediately after fertilization 5, 10, 12, 14, 15, 
20, 24 hours 34 —_— _- 


3 hour after fertilization 20 hours — I — 

1 hour after fertilization 20 hours — 3 — 

13 hours after fertilization 20 hours 3 _— 

CC 0.45° too.5°C Immediately after fertilization 6,10, 20 hours 16 —_- — 
> Cc Immediately after fertilization 20 hours 6 _ _— 
Total 80 10 10 





different females. It ranged from 25 to roo percent. In the groups of con- 
trol eggs from different females, the mortality varied from o to 33.3 per- 
cent. No correlation could be found between egg mortality and the length 
of time the animals had been in captivity before egg-laying was induced. 

The results of chromosome counts in the tail-tips of larvae developing 
from treated eggs and control eggs are summarized in table 3. 


TABLE 3 


Results of chromosome counts in the tail-tips of larvae. 











FROM REFRIGERATED EGGS FROM CONTROL EGGS 
Total 100 216 
Triploid 80 I 
Diploid 10 215 
Haploid Io = 





Identification of triploids 


The stained tail-tip is excellent material for establishing the triploid 
condition of the larvae, both by the number of chromosomes in the mitotic 
figures and by the size of the nuclei in various tissues (FANKHAUSER 
19384). 

Direct counts of the chromosomes in the epidermal cells of the tailfins 
of the young larvae were made. The first indications of the presence of 
more than the diploid number of 22 chromosomes were the larger size of 
the mitotic figures and the crowding of the chromosomes (fig. A-D). 
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Polar views of metaphase plates were preferably selected for counts. In two 
cases, the triploid number of 33 chromosomes was accurately counted. In 
41 tail-tips, where the metaphase figures were not too crowded for a fairly 
accurate count, counts of 30 or more chromosomes were made. In 32 tail- 
tips, only 27 or more chromosomes could be counted, and in six tail-tips 
only 25 or 26 chromosomes could be distinguished. In these last 38 cases, 
the chromosomes were too close together and often too overlapping for 
more accurate counts. It was evident, however, that there were actually 
more chromosomes present than the number that could be clearly dis- 
tinguished. 

The size of the nuclei and cells was larger on the average in the triploid 
than in the diploid tail-tips, though there is considerable variation in the 
size of tail-tip nuclei. This fact is strikingly demonstrated in the camera 
lucida drawings of epidermal nuclei (fig. 1). Such nuclei were drawn in a 
similar manner on graph paper and their surface areas measured by count- 
ing the number of squares within nuclear outlines. Measurements of the 
surface areas of 30 epidermal nuclei in a triploid and in a control tail-tip 
indicate the ratio to be about 1:1.5. Since epidermal nuclei are flat discs, 
this ratio can be considered approximately the one for nuclear volumes. 
The size of the nuclei is therefore about proportional to the number of 
chromosomes. 

The nuclei in the lateral line sense organs also show this difference in 
size between triploid and control nuclei. The number of nuclei in each 
triploid sense organ is reduced, however, so that the organ as a whole is 
about the same size as the diploid sense organ (fig. 2). Erythrocytes found 
in a few capillaries have nuclei which are also correspondingly larger in the 
triploid than in control tail-tips (fig. 3). 

Evidence of triploidy may again be obtained later from pieces of skin 
shed by the larvae at metamorphosis. Such pieces were fixed and stained 
in the same way as tail-tips. The epidermal nuclei in the triploid skin are 
larger and show a wider spacing than in diploid skin (fig. 4). Since the 
nuclei in moulted skin are degenerating, they were in many cases in a poor 
state of preservation and could not be relied upon to give any conclusive 
indication of their actual original size. 

A final evidence of triploidy, which has been of use in some cases as a 
method for tentatively identifying triploids among living larvae, is the 
size of the melanophores. Individual pigment cells, especially on the head, 
are larger, fewer, and more widely spaced in the triploid than in the control 
during early larval stages (fig. M). The melanophores of some of the tri- 
ploids did not seem to be consistently larger than in controls because of 
differences in degree of expansion, although in all triploids they were fewer 
in number and much more widely spaced. 
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FicureEs 1 to 4.—Camera lucida drawings of nuclei in the tail-tips, from whole mounts of the 
tail-tips, stained with Harris’ acid haemalum. Nuclei from triploids are shown on the left; those 
from controls are on the right. 365. FicurE 1.—Epidermal nuclei. Ficure 2.—Lateral line 
sense organs. FIGURE 3.—Nuclei of erythrocytes. FicurE 4.—Nuclei of moult skin. 


Development of triploid and control larvae 


The development of 81 triploid larvae and 166 diploid control larvae 
has been observed from the time of tail-tip amputation (table 4). The great 
majority of the triploid larvae showed perfectly nérmal development as 
did all controls, until the time of death. About one-half of the triploids 
and controls that died between the time of tail-clipping and metamorphosis 
were killed by an attack of mould. The other half of the animals died from 
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unknown causes. Five triploid larvae were slightly abnormal. Only one of 
these was able to reach metamorphosis. This animal possessed dwarfed 
gills on the left side, and it had no digits on the left fore-limb until it was 
four weeks old. As this animal grew larger, its body developed a lateral 
curvature so that the left side was slightly concave. It was found to be 
partly haploid. 
TABLE 4 
Fate of triploid and control larvae. 











TRIPLOID CONTROL 

Normal larvae 

Fixed during late fore-limb stages 8 4 

Died during late fore-limb stages 12 24 

Fixed during hind-limb stages 2 16 

Died during hind-limb stages 4 19 

Died just before moulting I 5 

Reached metamorphosis 48* 98 
Abnormal larvae. 

Fixed during late fore-limb stages 4 —- 

Reached metamorphosis (partly haploid) I — 
Total 81 166 





* Includes 1 natural triploid. 


The triploids showed no consistent differences from control animals in 
their rate of development. There was some variation within particular 
groups, but a similar variation was noted also in the controls. In the first 
group (A) of 25 triploids at the time of tail-clipping, 15 triploids were 
slightly behind controls of the same age; the other ten triploids were at the 
same stage of development. In the course of the next few weeks, three of the 
triploids had caught up with the controls, 13 were now slightly ahead, and 
eight were still somewhat behind the controls. The advance made by many 
of the triploid larvae can probably be accounted for by the fact that the 
limited supply of small Daphnia available at the time when the larvae be- 
gan to feed was preferably given to the triploids. In the group of 54 tri- 
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Ficures A to L.—Photomicrographs of mitotic figures in the epidermis of tail-tips, from 
whole mounts of tail-tips, stained with Harris’ acid haemalum. 348X.—A, Triploid prophase. 
B, Triploid metaphase. C, Triploid anaphase. D, Triploid telophase. E, Diploid prophase. F, 
Diploid metaphase. G, Diploid anaphase. H, Diploid telophase. I, Haploid prophase. J, Haploid 
metaphase. K, Haploid anaphase. L, Haploid anaphase. 

FicurE M.—Photograph of a triplcid (left) and a diploid control (right) larva, four 
weeks old. Note size and distribution of melanophores on the triploid. 6.9X. 
Ficure N.—Photograph of a triploid (left) and a diploid control 
(right) larva, nine weeks old. 3X. 
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ploids observed in recent experiments, all the triploids were approximately 
at the same stage of development as the control group, when identified by 
the taiJ-tip method. At the time when these animals were transferred to 
larger bowls, during the early hind-limb stages, only six were slightly ahead 
of the controls, four were slightly behind, and 36 others were at the same 
stage of development. 

There were never any appreciable differences in size between triploid 
larvae and controls at the same stage of development (fig. N—-P). The slight 
deviations in developmental rate in some cases were reflected in small dif- 
ferences in size between triploids and controls of the same age, however 
(fig. M). 

The triploid larvae which successfully reached metamorphosis began 
moulting at about the same time as most of the controls. In series A, this 
occurred between the ages of 11 weeks and 15 weeks. One triploid, the 
slightly abnormal animal with a spinal curvature, began to moult at 14 
weeks, while the majority of its controls had already moulted at 11 to 11} 
weeks. Another triploid, the slowest developing of the entire first group of 
triploids, began moulting at the end of the 14th week, but most of its 
controls had moulted at 12 weeks. In the group of larvae raised this year, 
metamorphosis was not reached until the 15th week. Here also the tri- 
ploids and controls underwent almost simultaneous metamorphosis. 


Microscopical anatomy of triploid larvae 
Cell size and organ size 


Serial sections of 15 triploid and 13 diploid control metamorphosing 
animals, between the ages of 12} and 16 weeks, were studied. Camera 
lucida drawings reveal that the nuclei and cells in the various organs and 
tissues are distinctly larger in the triploids than in the controls (fig. 5—12). 
In many cases the nuclei are irregular in shape and show considerable in- 
dividual variation in size, but on the average the nuclei in triploid organs 





EXPLANATION OF PLATE 2 


Ficure O.—Photograph of a triploid (left) and a diploid control (right) larva, 11 weeks old. 
The same larvae as shown in Figure N. 2.8X 

FicurE P.—Photograph of a metamorphosing triploid (left) and a diploid control (right) 
animal, 144 weeks old. 2.8X. 

FicuREs Q to S.—Photomicrographs of transverse sections through ovaries. 220X. 

FicurE Q.—Left ovary of a triploid animal, 15 weeks old. Note small size of ovary, undifferen- 
tiated germ cells with typical lobed nuclei, oogonia, and young oocytes. Larger oocytes are absent. 

Ficure R.—Right ovary of a triploid animal, 154 weeks old. This triploid ovary possesses 
some large growing oocytes, an unusual occurrence for triploid ovaries at this stage of develop- 
ment. 

FicureE S.—Left ovary of a diploid control animal, 15 weeks old. Note size of ovary, and the 
large growing oocytes. 
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Ficures 5 to 8.—Camera lucida drawings of nuclei in the various tissues and organs of a 
triploid and a control animal, 133 weeks old. Nuclei from triploid are shown on the left; those from 
control are on the right. 365. Ficure 5.—Nuclei from spinal cord. FicurE 6.—Nuclei from 
notochord. FicurE 7.—Nuclei from spinal ganglion. FicureE 8.—Nuclei from cartilage of the pel- 
vis. 
are larger than nuclei in diploid organs. Despite this increase in nuclear 
and cell size, however, the organs as a whole in the triploids are not larger 
than corresponding diploid organs in controls, but are actually about the 
same size. This is accounted for by the fact that triploid organs consist of 
fewer cells than diploid organs. These observations are in full agreement 
with those of FANKHAUSER (1939a, 1941) on two natural and two pre- 
sumably cold-induced triploids. 
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FIGURES 9 to 12.—Camera lucida drawings of nuclei in the various tissues and organs of a 
triploid and a control animal, 134 weeks old. Nuclei from triploid are shown on the left; those 
from control are on the right. 365. Ficure 9.—Nuclei from kidney. FicurE 10.—Nuclei from 
lingual glands. Figure 11.—Nuclei from liver. FicurE 12.—Nuclei from intestine. 


The only abnormal triploid animal which reached metamorphosis has 
been found to be not entirely triploid throughout. At metamorphosis its 
body was bent laterally, producing a concave left side. The tail-tip showed 
the presence of a number of small, haploid epidermal nuclei, and sections 
of the entire animal revealed that the animal is predominantly haploid on 
the left side. 
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Sex differentiation in triploids 


FANKHAUSER (1938b, 1940) has recently described the normal process 
of sex differentiation in Triturus viridescens and also sex differentiation in 
four triploid animals which he obtained. At the time of metamorphosis, 
the gonads of normal diploid animals are already differentiated into ovaries 
or testes. The ovaries of the females are characterized by a central ovarian 
cavity surrounded by large growing oocytes. At the periphery of the 
ovaries are nests of darkly-stained oogonia and young oocytes distinguish- 
able by their round nuclei with typical prophase structure. Occasional un- 
differentiated germ cells with lobed nuclei may be found in all the ovaries. 
The testes of the males are small and solid, and they show a uniform dis- 
tribution of spermatogonia, the nuclei of which are deeply-lobed. In the 
group of four triploids, one was a male with normal testes, and three were 
females with rudimentary ovaries. 

Of the 13 metamorphosing control animals sectioned and studied by the 
writer, five were females and eight were males. In the group of 15 meta- 
morphosing triploid individuals investigated, the gonads of all 15 were 
definitely differentiated in a female direction. The ovaries were smaller 
than normal control ovaries and appeared to be rudimentary. The central 
cavity in each was very narrow, and the body of the ovary consisted mainly 
of oogonia and young oocytes, in addition to many undifferentiated germ 
cells (fig. Q). Oocytes in early growth stages were lacking in all triploid 
ovaries excepting those of one animal. Both ovaries in this individual con- 
tained a number of growing oocytes (fig. R). 


Haploid larvae 


Ten larvae developing in the first group of cold-treated eggs were con- 
spicuously smaller and less advanced in development than controls, at the 
time of tail-clipping. The mitotic figures in the tail-tips were much smaller 
and obviously contained fewer elements than corresponding control figures 
(fig. I-L). Chromosome counts in metaphase figures in the tail-tips of nine 
of the larvae gave the haploid number of 11 chromosomes. The nuclei in 
the epidermal layers and in the lateral line sense organs were considerably 
smaller than in controls (FANKHAUSER and GRIFFITHS 1939, figs. 1, 2). Only 
three of the tail-tips were completely haploid, however. The other six tail- 
tips contained sectors with larger, presumably diploid, nuclei. 

All these individuals developed from eggs of one female. The bodies of 
all except one were somewhat edematous. The melanophores on the head, 
particularly, were very small and much more numerous than in controls 
(FANKHAUSER and GRIFFITHS 1939, figs, 3, 4). All haploids had gill, limb, 
and jaw abnormalities. They were inactive, and all except two took no 


et led 








Paine 





POLYPLOIDY IN THE NEWT 81 


food. Three of these larvae died within a short time after tail-clipping; 
six of them were fixed during late fore-limb stages; only one survived fur- 
ther development. This exceptional animal was the most normal-appearing 
of the group. It fed well and lived for 16 weeks, though it did not become 
very large and did not begin to metamorphose during this time. As this 
animal grew older, it developed a lateral body curvature, the left side be- 
coming concave. The left gills remained stunted, and the body cavity 
became swollen with fluid. 

Seven of these larvae were sectioned. Two of them, fixed at the age of 
five weeks, were haploid throughout. The other five larvae were mixtures 
of haploid and diploid cells. All of them were haploid, or predominantly 
haploid, at least on one side of the body. Larger diploid nuclei could be 
found in all the organs. The oldest larva (16 weeks) had a greater propor- 
tion of diploid cells than had any of the others. The left side of this animal 
seemed to be almost completely haploid, while the right side was mainly 
diploid. The gonads were very small and resembled ovaries in that they 
possessed a central cavity. They were closely applied to the under surfaces 
of the mesonephroi, and they had a great proliferation of sex-cord material 
from the mesonephroi. There were a few undifferentiated germ cells in 
each ovary. The small size of the nuclei in the interstitial tissue of both 
ovaries indicates that they were probably completely haploid. 


DISCUSSION 
Natural triploidy 


The occurrence of occasional triploid frog and salamander embryos and 
larvae, reported by several investigators, suggests that natural triploidy is 
not rare in the Amphibia, at least not among salamanders. FANKHAUSER 
(1934) discovered two triploid embryos of Triton palmatus in a group of 14 
and later reported two triploid embryos of Triturus viridescens in a group 
of 11 embryos (FANKHAUSER and KAYLOR 1935). More recently FANK- 
HAUSER (1939b) found 13 triploids in 134 living larvae of the salamander, 
Eurycea bislineata. Previously, he (1938a) reported the discovery of four 
triploids in a lot of 100 living larvae of Triturus viridescens, two of which 
were naturally-occurring. Two others developed from eggs which had been 
placed in a refrigerator for some hours after laying. 

During the past three years, a total of 489 living larvae, raised from 
normal, untreated newt eggs from 25 different females, have been tail- 
clipped and examined for chromosome numbers by the present investigator. 
Only two of these, both from different mothers, were triploid. FANKHAUSER 
(1938a) had previously found two natural triploids in 1oo living larvae. 
Recently, one naturally-occurring triploid was observed in a group of 60 
viridescens larvae (CRoTTA, unpublished data). These series together would 
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indicate the frequency of natural triploidy in this species to be about o.7 
percent. 


Origin of triploidy 


Triploid frog and salamander embryos may arise by the fertilization of 
diploid eggs. Hertwic and Hertwic (1920) found that their triploid 
embryos of Rana esculenta developed from eggs laid by one female. These 
triploid frog embryos undoubtedly arose by fertilization of diploid eggs, 
since eggs from the same female gave rise to gynogenetic diploid embryos 
after insemination with the sperm of Bufo viridis. BATAILLON and TcHovu- 
Su (1929) have described in Bufo calamita one egg in which the reduction 
division was apparently omitted. Diploid oocytes may arise from tetraploid 
ovarian tissues by normal maturation. One other likely possibility, how- 
ever, is that diploid oocytes might undergo a normal maturation but re- 
main diploid because of failure of extrusion of chromosomes into a second 
polar body. 

Abnormal temperatures applied during maturation of the gametes may 
suppress meiotic divisions in both animals and plants. The chromosomes 
can divide, but their separation during anaphase is prevented. This may 
be explained by disturbances in the spindle mechanism resulting from 
changes in the viscosity of the cytoplasm brought about by changes in 
temperature (SAX 1937; DERMEN 1938). 

It has been remarked that Rostanp (1934, 1936, 1938) obtained chromo- 
some duplication in frog and toad eggs by exposing them to freezing for 
several hours immediately after insemination with sperm from males of a 
different genus. The eggs develop without participation of the male chro- 
matin and may give rise to normal diploid gynogenetic tadpoles. Rostanp 
suggested that refrigeration caused a duplication of the maternal chromo- 
somes which led to the production of diploid eggs. Since the amphibian 
egg at insemination is in the second maturation division, cold treatment at 
this time must suppress this division. It is very likely, then, that the 
chromosome duplication is actually due to a retention within the egg of 
the haploid set of chromosomes normally going into the second polar body. 

This hypothesis of the origin of triploid newts was offered in a recent 
communication (FANKHAUSER and GRIFFITHS 1939) and has been sup- 
ported by new evidence in recent experiments (GRIFFITHS 1940). It has 
been found that triploid newt larvae develop only from eggs that are re- 
frigerated immediately after laying. Eggs on which cold treatment is 
delayed until as little as one-half hour after laying always develop into 
diploid larvae. Since the second maturation division is normally completed 
within one hour after deposition of the egg, refrigeration applied immedi- 
ately can inhibit this division from going to completion. By this treatment 
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the egg retains the second polar body chromosomes and therefore, becomes 
diploid. Union of a diploid female pronucleus with a haploid sperm nucleus 
already present would give rise to triploid zygotes and eventually to tri- 
ploid larvae. Direct confirmation of this scheme could be provided only by 
detailed cytological studies of cold-treated eggs, which have not been 
undertaken so far. 

It was hoped that variations in the cold treatment would give some in- 
formation on the conditions which led to the production of the ten haploid 
larvae in the first series (A) of experiments (table 3). Unfortunately, no 
other haploids have again been produced. Since all the haploids developed 
from eggs of the same female, it is quite probable that conditions peculiar 
to these particular eggs were accountable for haploid development. This 
could not have been characteristic of all eggs from this female, however, 
since other refrigerated eggs developed into triploid larvae, and the control 
eggs gave diploid larvae without exception. Further modifications of the 
treatment may give some evidence for the origin of haploid larvae. 


Effects of triploidy 
General effects 


Triploid newt embryos which have undergone successful cleavage and 
gastrulation usually show perfectly normal development through later 
stages. In the entire group of triploids, discovered at the age of three to 
four weeks (tail-clipping), 60 percent were reared to metamorphosis. In the 
controls the corresponding figure was 59 percent. After the first moult the 
larvae usually refused to take any food, and they could not be induced to 
feed again. This factor, in addition to the severe metamorphic changes 
within the animals, made it difficult to raise the larvae through meta- 
morphosis. This was found equally in triploid and control groups. The 
majority of animals were, therefore, fixed during metamorphosis, when 
they seemed no longer able to survive. 

Triploidy in newts does not seem to have the same physiological and 
morphological consequences that have been described for many triploid 
plants and some triploid animals. In plants, triploidy is often associated 
with a slow growth rate. The growth rate of triploid newt larvae, however, 
parallels very closely the rate of diploid controls. The deviations within 
the triploid group are no greater than among control animals. 

The nuclei and cells in the various tissues and organs of triploid larvae 
are larger than diploid nuclei and cells, just as in the case of triploid plants 
as exemplified by triploid mutants of Oenothera (Stomps 1912; Lutz 1912). 
In many triploid plants and in some triploid animals, the cell number in 
the organs remains more or less the same as in diploids, and the triploids 
are as a whole, therefore, larger. Triploid evening primroses are charac- 
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teristically large plants, and they have been called the “semigigas” mu- 
tants. Among the animals, VANDEL (1927) reports that triploid females of 
a parthenogenetic race of isopods (Trichoniscus provisorius) are definitely 
larger than diploid females of the same species. ARTOM (1925, 1928) has 
discovered a similar phenomenon in tetraploid Artemia, and SEILER (1927) 
in tetraploid Solenobia. 

Unlike these forms, however, triploid newt larvae do not show any signs 
of gigantism. Likewise, triploid and even tetraploid larvae of Eurycea 
bislineata, are not significantly larger than diploid individuals (FANK- 
HAUSER 1939b). This fact indicates that some regulatory factor must 
come into play in the triploid and tetraploid individuals, to offset the in- 
crease in cell size. This regulation is realized by a decrease in the number 
of cells in the various organs. The final result is that triploid and tetraploid 
organs, and consequently the whole animal, remain close to the normal 
size of diploid individuals (cf. FANKHAUSER 1941). Among plants, also, 
there are tetraploid forms which do not show any evidence of gigantism, 
even though the size of the cells is larger than in diploid forms—namely, 
Euphorbia granulata (HAGERUP 1932). 


On Sex 


Triploidy affects one of the sexes in animals in which sex is determined 
by a distribution of sex chromosomes. The disturbances are reflected in the 
gonads of the heterogametic sex, while in the homogametic sex there is no 
effect. In Drosophila, where the female is homogametic, triploids are either 
normal females or intersexes (BRIDGES 1922). In moths, however, where 
the female is heterogametic, triploids are normal males or intersexes 
(GOLDSCHMIDT and PARISER 1923). 

The mechanism of sex determination in the Amphibia has not yet been 
conclusively shown, although breeding experiments with frogs and toads 
have indirectly contributed some information as to what it may be. The 
experiments of CREW (1921) and of Witscut (1923, 1929) with hermaph- 
roditic frogs indicates that the male sex is the heterogametic one in 
frogs. The breeding experiments with sex-reversed male toads have not 
given consistent results. HARMS (1926) has evidence which suggests male 
heterogamety. PoNSE (1931), however, carrying out similar experiments, 
obtains results which indicate male homogamety in toads. 

On the basis of the hypothesis of CREw and Wirtscut for frogs, partheno- 
genetically developed frogs should become females. KAWAMURA (1939b) 
has found this to be the case in Rana nigromaculata and R. japonica. Most 
of his parthenogenetic diploid frogs were females, although he did find one 
male and several other animals with transforming gonads. 

Studies on the gonads of triploid newt larvae reveal that the male has 
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typical testes, but that the female has small, poorly-developed ovaries 
(FANKHAUSER 1938b, 1940). BGGK (1940) has recently reported a triploid 
testis in a group of testes taken from adult Triton taeniatus males. This 
testis was of the same size and appearance as diploid testes from normal 
males, and sections through it reveal no indications of intersexuality. 

In the group of 15 triploid animals investigated by the author, all 15 
animals were females possessing rudimentary ovaries. No triploid males 
appeared in this lot of experimental triploids. The effect on the ovaries 
appears to be the same as that described by FANKHAUSER (1940) in 
natural triploids, with the exception of one animal, the ovaries of which, 
although smaller than in the control, contained a few large, growing oocytes 
(fig. R). The higher degree of development of the ovaries of this animal 
may indicate that triploidy affects the rate of growth and differentiation 
of the ovaries rather than the fundamental character of their structure. 
The observations confirm FANKHAUSER’S conclusion that in newts, tri- 
ploidy has a pronounced effect on the female sex, probably comparable to 
that observed in triploid moths. This may mean that the female sex is 
heterogametic in newts and other salamanders, in contrast to frogs where 
male heterogamety is more probable. The absence of males among the 
fifteen experimental triploids examined so far is also important in this 
connection and presents an interesting problem which will be discussed 
later when the condition of the gonads of all experimental triploids will 
be known. 


SUMMARY 


1. A total of 245 eggs of the newt, Triturus viridescens, obtained by 
pituitary stimulation of 12 adult females, were exposed to low temperatures 
between o° and 3°C. 

2. One hundred of the treated eggs were successfully raised to swimming 
larval stages. The tail-tips of these 100 larvae and 216 controls were am- 
putated, fixed, and stained, and examined for chromosome numbers. After 
tail amputation, the larvae were allowed to continue development. 

3. Eighty of the 100 larvae developing from refrigerated eggs were 
triploid; ten were diploid; ten were haploid. All controls were diploid except 
one which was a naturally-occurring triploid. 

4. Triploid larvae developed only from eggs refrigerated for five hours 
or more immediately after laying. Eggs to which application of cold treat- 
ment was delayed until one-half hour after laying all gave rise to diploid 
larvae. These results support the hypothesis that cold treatment produces 
triploidy by inhibiting the second maturation division, since this division 
is completed within one hour after deposition of the egg. 

5. The frequency of natural triploidy in newts, based on an examination 
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of the tail-tips from 649 larvae developing from normal untreated eggs, 
is about 0.7 percent. 

6. Seventy-five triploid larvae showed perfectly normal development 
during larval stages. Five triploid larvae were slightly abnormal. 

7. There were no appreciable differences in developmental rate between 
triploid and control larvae, and such deviations that did occur were very 
slight. 

8. None of the triploid larvae showed any signs of gigantism. All the 
triploids were identical or almost identical in size with controls of the same 
age. 

9. Nuclei and cells in the epidermis, lateral line sense organs, and the 
erythrocytes in triploid tail-tips are on the average larger than in diploid 
control tail-tips. Serial sections of metamorphosing triploid and control 
animals reveal that the nuclei and cells in the various organs are larger in 
the triploids than in controls but that the number of cells is reduced. Such 
a mechanism of regulation accounts for the fact that triploid larvae are no 
larger than diploid controls. 

10. Fifteen of the metamorphosing triploid larvae were investigated 
microscopically. All were females with rudimentary ovaries. 

11. Ten larvae from refrigerated eggs were dwarfed, more or less 
edematous larvae. Tail-tips showed that they were haploid. Sections of six 
five-week-old animals reveal that only two were completely haploid, while 
four others were predominantly haploid. One haploid lived for 16 weeks. 
Sections through it show that the left side of the animal was almost com- 
pletely haploid, while the right side was diploid. 
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ROSS chromosome aberrations or rearrangements have recently 

come to occupy an important position in the study of problems of 
evolution and speciation. Such aberrations are known to occur in many 
plants and animals. However, the spontaneous occurrence of these aber- 
rations is rather difficult to study, since their frequency is usually very 
low. In an endeavor to obtain a further understanding of the nature and 
causes of these rearrangements many investigators have resorted to a study 
of similar rearrangements artificially induced by means of certain external 
agents such as irradiation, heat, chemicals, and aging. Such studies have 
revealed much regarding the different types of aberrations and how they 
occur. It is quite likely that with further investigation it may be possible 
to determine why such aberrations occur in nature. One of the first steps 
necessary is the accumulation of more data on the spontaneous occurrence 
of structural chromosome rearrangements. Very little data of this sort are 
available at the present time. 

GILES (1940) has been able to estimate the number of spontaneous 
chromosome aberrations in certain Tradescantia hybrids. He also has 
shown that natural radiation is not sufficient to account for the spontane- 
ous rate of chromosome alterations. It has been suggested by STUBBE 
(1935b) that possibly the spontaneous chromosome mutation rate in 
plants is somewhat higher than has been found for certain animals. How- 
ever, the spontaneous chromosome alteration rate has been investigated 
in only a few organisms. 


MATERIALS AND METHODS 


The investigations here reported are concerned with the chromosome 
aberrations which occur in the somatic tissue in the embryo of dormant 
seed or in the prophase of the early mitotic divisions of germinating seeds. 
Spontaneous aberrations as well as those resulting from the effects of 
aging have been investigated. 

For all experiments, dry seed of different varieties of Allium cepa L. 
have been used. The seeds were placed on moist filter paper in Petri dishes 
and allowed to germinate at room temperature. The seeds germinate in 
three to four days. As soon as the root tips were two to four mm long, they 
were fixed in an alcohol-acetic fixative. About six root tips were smeared 
on each slide, and the Feulgen reaction was used for staining. For most 
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series at least three slides were examined with about 100 division figures 
to a slide. A total of more than 8000 cells were analyzed. 

The root tips were fixed at 12 noon when the maximum number of 
divisions could be obtained. Anaphase figures were used in most cases, 
since chromatin bridges and fragments are most easily detected at this 
stage. In some cases, however, the germinating seeds were treated with a 
0.05 percent solution of colchicine for 12 hours, and the resulting meta- 
phase configurations were analyzed. All figures examined represent the 
first or primary divisions of the young root tip cells. 

In germinating seedlings the primary divisions of root tip cells may be 
readily distinguished from secondary divisions by the nature of the frag- 
ments. In the primary divisions the fragments are very definite in size and 
outline, while in secondary divisions they appear as micronuclei in various 
stages of disintegration. By preliminary examination it was found that 
root tips two to four mm in length contained primary divisions almost 
exclusively. 

TYPES OF SPONTANEOUS ABERRATIONS 


The types of spontaneous aberrations are similar to those which have 
been induced by X-rays (Sax 1940). These aberrations may be classified 
under two general types: chromosome aberrations and chromatid aber- 
rations. The chromosome aberrations include those resulting from breaks 
during the resting stage or in the early prophase before the time of effective 
splitting of the chromosomes. Chromatid aberrations are those resulting in 
breaks during the prophase after the effective splitting of the chromosomes 
into sister chromatids. Chromosome aberrations include simple deletions 
which result from a single break and are detected by the presence of paired 
fragments at anaphase. Chromosome aberrations resulting from two breaks 
are indicated by the presence of dicentric or ring chromosomes with their 





EXPLANATION OF PLATE I 


Photographs of smear preparations of root tips of Allium showing chromosome aberrations 
Ca. 1000X. 

Ficure A. Normal metaphase showing 16 chromosomes. Chromosomes held at metaphase by 
treatment with colchicine. 

FicurE B.—Metaphase showing ring chromosome, lower right. Chromosomes held at meta- 
phase by colchicine treatment. 

FicurE C.—Metaphase showing dicentric chromosome, upper left. 

Ficure D.—Anaphase with a criss-cross double bridge and a pair of fragments. 

Figure E.—Telophase showing two small paired fragments and one long paired fragment. 

Ficure F. Anaphase with a single bridge and a single fragment. Small paired fragment at 
upper left probably would be included in daughter nucleus. 

Ficure G.—Anaphase showing interlocked bridge with fragments. 

FicurE H.—Late anaphase showing a long single fragment. Fragment is equal to length of 
one arm of chromosome. 

Ficure I.—Anaphase showing two bridges and two sets of paired fragments. 
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accompanying fragments. Chromatid aberrations were detected by the 
presence of a single fragment or a single bridge accompanied by a frag- 
ment, both of which result from a single break. Chromatid aberrations 
arising from two breaks and resulting in the presence of exchange or di- 
centric chromatids cannot be readily detected in anaphase figures and for 
this reason are not included in these analyses, although they probably do 
occur. Diagrams of the above mentioned types of aberrations may be 
found in figure 1 of Sax’s paper (loc. cit.). 

Unpublished X-ray evidence (SAx) shows that only chromosome breaks 
occur when the resting nuclei are treated. In growing nuclei when the pro- 
phase stage is X-rayed, only chromatid breaks occur. Of all the aberrations 
recorded in this investigation those of the chromosome type were most 
frequent, as would be expected, since they are the ones occurring in the 
resting stage and have a much longer time to accumulate. The one-break 
chromosome aberrations resulting in paired fragments at anaphase (Plate 
1, E) are more frequent than the two-break aberrations. Dicentric chromo- 
somes accompanied by fragments (Plate 1, C, D, G, and I) are more fre- 
quent than ring chromosomes and fragments (Plate 1, B). 

Chromatid aberrations consisting of single fragments without any 
bridge (Plate 1, H) were twice as frequent as the chromatid aberrations 
consisting of a single chromatid bridge plus a fragment (Plate. 1, F). 
Sax (1940) states that the one-break chromatid aberrations consisting of 
a dicentric chromatid and a U-shaped fragment were the most frequent 
in his X-rayed material. The fact that this type of chromatid aberration 
was less frequent in Allium may be due to inherent differences in the ma- 
terial itself or to a difference in the nature of the agent or agents causing 
the breakage. 


FREQUENCY OF SPONTANEOUS ABERRATIONS 


In table 1 are presented the data on the spontaneous aberrations in five 
different varieties of Allium cepa. In all cases the seed used was from the 
1939 crop and thus not subjected to any effects of aging for more than 
six to eight months. It is realized that even six to eight months storage 
under certain conditions of high temperature and moisture might cause a 
considerable increase in the chromosome aberrations. However, the data 
on germination does not seem to indicate adverse storage conditions. All 
the varieties with the exception of Prizetaker were supplied by one seed 
company, and the storage conditions were probably uniform. The rather 
high percentage of aberrations in the variety Prizetaker may be due in 
part to different storage conditions, since it was supplied by a different 
seed company. 

The data in this table indicate that different varieties of Allium cepa 
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may differ in their rate of spontaneous aberrations. The percentage of aber- 
rations given is that portion of the total number of cells analyzed which 
contain altered chromosomes. 

The only data available for comparison of spontaneous aberrations in 
plants are those of GILES (1940). This investigator was dealing with a dif- 
ferent genus, Tradescantia, and different types of cells—namely, micro- 
spores. More recently he (GILEs, unpublished) has studied spontaneous 
aberrations in root rips of mature Tradescantia plants. These results 
are more directly comparable with those obtained in Allium, particularly 
if only the chromatid aberrations are used for comparison. By comparing 
only chromatid aberrations, one eliminates the factor of accumulation of 
aberrations which may occur in the resting seed. In 12,336 chromosomes 


TABLE 1 


Chromosome aberrations in varieties of Allium cepa from seed of the 1939 crop. 














PERCENTAGE TOTAL CELLS PERCENTAGE 
VARIETY 

GERMINATION ANALYZED ABERRATIONS 
Prizetaker 80 534 13.0 
Sweet Spanish 60 314 2.4 
Southport Red Globe 90 202 2.5 
Southport White Globe 80 320 1.8 
White Portugal 80 331 1.6 





in the root tips of Allium seedlings there were 0.121 percent chromatid 
aberrations. In 15,840 chromosmes from the root tips of mature 2N 
Tradescantia plants, Gites found 0.025 percent aberrations. In order to 
make a still more accurate comparison, the root tips from an Allium plant 
five months old were examined. In 3920 chromosomes from such a plant 
there were 0.126 percent aberrations. These comparisons would seem to 
indicate a much higher rate of spontaneous chromosome alteration in 
Allium than in Tradescantia. 

Gites has shown that the spontaneous chromosome aberrations are 
conditioned to some extent by the genetic constitution of the plant. Such 
genetic control may vary sufficiently in different individuals so that a 
comparison of frequencies in Allium and Tradescantia could be determined 
only by examining adequate numbers of individuals. It is probable, how- 
ever, that the much higher rate of spontaneous chromosome aberrations in 
Allium is significant. 

Root tips from onion bulbs of three different varieties were examined, 
and it was found that in 600 cells analyzed there was not a single aberra- 
tion. This rather surprising result must mean that the conditions in the 
bulb are less conducive to chromosome breakage and rearrangement than 
in seedlings and young plants. 
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CHROMOSOME ABERRATIONS IN AGED SEED 


Since NAVASCHIN in 1933 reported very marked increases in mutation 
frequency from aged seed, several other investigators have substantiated 
his results. The effects of aging have often been associated with studies on 
mutation rates. NAVASCHIN (1933a, b, c) found that 80 percent of the 
plants from Crepis seed which had been aged for six to seven years were 
chromosomal mutants. He also noted that in the very young roots from 
aged seed a majority of the cells contained fragmented, fused, and trans- 
located chromosomes. Fresh seed of Crepis showed only 0.1 percent muta- 
tions. HERIBERT-NILSSON (1931) reported the same situation in Oenothera 
plants raised from old seed. He explains this fact on the hypothesis that 
seedlings containing mutations have a greater viability than normal 
seedlings. NAVASCHIN believes that selective mortality has nothing to do 
with the enormous increase in mutations from aged seed. 

CARTLEDGE and BLAKESLEE (1934) reported an increase in pollen abor- 
tion mutations from aged seed of Datura. The seed tested ranged in age 
from one to ten years. They found that ten year old seed produced plants 
showing 7.0 percent pollen-abortion mutations. These authors give further 
proof that HERIBERT-NILsson’s hypothesis of differential viability and 
selective elimination of normals is not responsible for the increase in 
mutations. 

Datura seed which had been buried in the ground for 22 years showed 
only 1.8 percent mutations, while seed aged in the laboratory for five 
to ten years showed 7.9 percent mutations (CARTLEDGE and BLAKESLEE 
1935). These results are of interest in connection with the effects of aging 
under natural conditions as compared with aging in the laboratory. 

In 1935 STUBBE reported results on the increase in rate of gene mutations 
from aged seed of Antirrhinum majus. He found 14.0 percent mutations 
in plants from ten year old seed, while one year old seed showed only 1.0 
percent mutations. This investigator also finds no support for the hypoth- 
esis of HERIBERT-NILSSON. STUBBE finds that there is no proportionality 
or simple linear relation between the age of seed and the increase in the 
mutation rate. 

In the present investigations of onion seed it was possible to obtain some 
seed which was four to five years old. It is common knowledge that onion 
is a very short-lived seed. Longevity of onion seed depends to a large extent 
on the storage conditions (BEATTIE and BOSWELL 1939). Thus, for seed 
stored in the open at room temperature, appreciable viability is not re- 
tained more than two years. By adjusting temperature and moisture the 
seed may remain viable for at least seven years. 

The seed used in these experiments was supplied by commercial seed 
companies and the exact storage conditions are not known. The results 
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of the analysis of seeds of several varieties and of different ages are pre- 
sented in table 2. 
TABLE 2 


Chromosome aberrations in different varieties of Allium cepa from seed of different ages. 



































PERCENTAGE TOTAL CELLS PERCENTAGE 
VARIETY AGE 

GERMINATION ANALYZED ABERRATIONS 
Yellow Strassburg 4-5 years 74 399 25 
Yellow Strassburg 3-4 years 87 427 3.6 
Yellow Strassburg I-2 years gl 250 1.6 
Mammoth Silver King 3-4 years 75 1100 1.9 
Mammoth Silver King 2-3 years 82 432 2.0 
Ohio Yellow Globe 3-4 years 70 331 4.3% 
Ohio Yellow Globe 2-3 years 84 308 1.6 
Sweet Spanish 3-4 years 5° 586 12.7 
Sweet Spanish I year 55 314 2.4 
Prizetaker I-2 years 75 653 II.3 
Prizetaker I year 80 534 13.0 
Ailsa Craig 3-4 years 40 514 15.3 
Ebenezar I-2 years 88 305 2.6 
Southport Yellow Globe I-2 years 78 161 1.4 





With the exception of the variety Prizetaker which showed a slightly 
higher percentage of aberrations in one year old seed than in two year 
old seed, these results agree with those of other investigators who have 
studied increases in aberrations in aged seed. With increase in age there is 
an increase in the percentage of aberrations and a decrease in germination. 


THE ORIGIN AND BEHAVIOR OF BROKEN CHROMOSOMES 


The relatively high frequency of spontaneous aberrations found in the 
root tips of germinating seed of Allium must be due in part to an accumula- 
tion of the effects of whatever factors are responsible for chromosome 
breakage. Any breaks occurring while the chromosomes are in the resting 
stage in the dormant seed remain relatively undisturbed until the cells 
start to divide, and at the first somatic mitosis they are detected in the 
form of chromosome aberrations. If we consider now only the aberrations 
of the chromosome type, we might expect that the older the seed the 
greater the number of aberrations, since a longer period has passed in 
which they might accumulate. This is exactly what was found, as shown 
in table 3, where examples from two different varieties are given. 


re) 
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Likewise, when only the chromatid aberrations are considered, we might 
expect little or no effect of age of seed unless aging in some way weakens 
the chromosomes and thus furnishes a predisposition for breakage during 


TABLE 3 














TOTAL CHROMOSOME 
VARIETY PERCENTAGE 
CHROMOSOMES ABERRATIONS 
Yellow Strassburg ’35 5120 26 0.50 
Yellow Strassburg ’36 5184 II 0.21 
Yellow Strassburg 738 4000 5 0.12 
Sweet Spanish ’36 9370 69 0.73 
Sweet Spanish ’39 5024 8 0.15 





the prophase of the first mitotic division. Using the same varieties as in 
table 3 but comparing only the chromatid aberrations, table 4 shows that 
there is some indication of a weakening effect due to age. 

Considering the high frequency of aberrations in very young root tips, 
the question immediately arises as to the chances of survival of cells con- 
taining aberrant chromosomes and the possible effects on meiosis. McC.in- 
TOCK (1939) has made a study of the behavior in successive nuclear di- 
visions of chromosomes broken at meiosis. In maize, she finds that the 
bridge-breakage-fusion-bridge cycle may be carried from one cell genera- 
tion to the next in the endosperm, but in the cells of the embryo and plant 
tissue the broken ends heal and remain healed. This work is supported by 


TABLE 4 


Chromatid aberrations in two varieties of Allium cepa from seed of different ages. 








TOTAL CHROMATID 








VARIETY PERCENTAGE 
CHROMOSOMES ABERRATIONS 
Yellow Strassburg 735 5120 5 ©.097 
Yellow Strassburg ’36 5184 3 0.057 
Yellow Strassburg ’38 4000 ° 0.000 
Sweet Spanish ’36 9376 7 0.074 
Sweet Spanish ’39 5024 I 0.019 





both genetic and cytological evidence. CLARK and CoPpELAND (1940) have 
studied the chromosome aberrations in endosperm of maize, and they find 
also that the broken ends of sister chromatids fuse laterally following the 
breakage of a bridge in the previous division and thus continue the bridge- 
breakage-fusion cycle. 

If it be assumed then that broken chromosome ends in somatic tissue 
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heal, one of two things must happen: either the cells which contain chromo- 
some deletions are unable to compete with normal cells and fail to take 
part in later development, or, if these cells survive and remain active, 
chromosomes with shortened arms should be found in subsequent divisions. 

Division figures in root tips of several different lengths were examined in 
an attempt to discover the fate of chromosome aberrations observed in 
the primary divisions. These results are presented in table 5. 


TABLE 5 


Chromosome aberrations in Allium cepa var. Prizetaker in successive stages 
of development of the root tip. 














TOTAL CELLS PERCENTAGE 
LENGTH OF ROOTS 
ANALYZED ABERRATIONS 
2- 5mm. 450 10.4 
7- 9mm. 58 6.6 
Io- 12 mm. 138 5.8 
25- 30 mm. 190 St 
80-100 mm. 116 1.7 





The rapid and marked decrease in the aberrations as the roots get longer 
supports the contention of McC.intock that the bridge-breakage-fusion 
cycle does not persist in the zygotic tissue of the plant. The broken ends 
of the chromosomes must heal, but the failure to find many deleted 
chromosomes in later cell divisions suggests that there may also be a dif- 
ferential survival of normal and altered chromosome complements. 

The bridges appearing in the longer roots must, for the most part, be 
the result of spontaneous breakage in the present cell generation. In order 
to check this hypothesis, the root tips from a plant five months old were 
examined. The plant was of the same variety and from the same stock of 
seeds as were used in the above experiment on different root lengths. It 
was found that for 248 cells there were 2.4 percent aberrations, which 
checks well with the frequency found in the longest roots (table 5). Further- 
more, the percentage of chromatid aberrations (on a chromosome basis) 
was 0.125 as compared with 0.121 percent chromatid aberrations in the 
primary root tip divisions. 


POLLEN ABORTION IN TREES OF DIFFERENT AGES 


In connection with the effects of age on chromosome aberrations and the 
fate of cells containing deletions as a result of such alterations, studies 
were made of the pollen abortion in trees of different ages. If it is assumed 
that structural alterations are occurring in plants at a certain rate and 
that cells carrying such altered chromosomes are not eliminated by some 
differential survival value, then in plants 100 years old a fairly large num- 
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ber of such aberrations must have accumulated, and this fact should be 
indicated by an increase in the pollen abortion. 

Four species of trees were selected in which pellen abortion counts could 
be made in young, medium aged, and old trees. Although the exact age of 
the trees could not always be determined, in several cases there was at least 
100 years difference between the young and the old trees. The results of 
this survey are presented in table 6. 


TABLE 6 


Pollen abortion in young, medium aged, and old trees in four different genera. 








PERCENTAGE POLLEN ABORTION 





SPECIES 
YOUNG TREE MEDIUM-AGED TREE OLD TREE 
Tsuga canadensis 1.8 am 1.4 
Pinus strobus 1.2 1.3 
Quercus alba 3-5 $8 22.8 
Acer platanoides 1.8 0 4:5 





The investigations of pollen abortion in trees of different ages are only 
of a preliminary nature. Several samples of pollen were taken from dif- 
ferent parts of a tree, but only single trees were used in each age class. The 
effects of environment on pollen abortion are not known definitely. On the 
supposition that gross structural changes in the chromosomes would have 
some effect on pollen abortion, the preliminary evidence suggests that if 
such structural changes are occurring, there is no accumulation of these 
changes in very old plants. This must mean that if such changes are oc- 
curring, the cells containing them are eliminated in competition with 
cells containing the normal chromosome compliment. 


DISCUSSION 


Spontaneous chromosome aberrations were found in all varieties of 
Allium cepa examined, but great variation occurs in the frequency of aber- 
rations in different varieties. These results suggest that inherent differences 
in susceptibility to chromosomal alterations exist in the several varieties. 
Environmental factors may also play an important part in varietal dif- 
ferences, although differences in viability of seeds of different varieties 
but of the same age is not closely related to the spontaneous break fre- 
quency. This indicates that the storage conditions of the seeds were reason- 
ably uniform. This fact substantiates the contention that differences in 
spontaneous break frequencies in different varieties is probably of a genetic 
nature. It has been shown that age may increase the frequency of chromo- 


some aberrations in the seeds, but this factor is much less effective in onion 
bulbs. 
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It has been shown that natural radio-activity is not adequate to account 
for the frequency of natural mutations and chromosomal aberrations 
(MULLER and Mort-SMITH 1930, GILES 1940). There remains, then, the 
necessity of finding some other factors to account for these spontaneous 
changes. GILES (1940 and unpublished) finds that the frequency of spon- 
taneous aberrations in Tradescantia is in part genetically determined and 
has suggested that variations in the coiling cycle of the chromosomes may 
be involved. SCHKWARNIKOW and NAVASCHIN (1934) have suggested an 
association between metabolic processes of the cell and increased mutations 
and aberrations, while StuBBE (1936) has invoked different physiological 
conditions to account for differential susceptibility of cells to temperature 
induced mutations. 

The factors involved in producing chromosomal aberrations in dry seeds 
can hardly include changes in the chromosome coiling cycle or physiological 
changes involving the cytoplasm, since the cells are quite dormant and 
inactive. Comparison of the aberrations in seeds and bulbs of about the 
same age shows that dehydration probably is an important factor in the 
spontaneous breakage of chromosomes. The relatively hydrated cells of 
the bulb show no spontaneous breaks, while the cells of the dry seed have 
a relatively high frequency of spontaneous aberrations. 

Dehydration, age, and heat may not act directly but simply cause a 
weakening of the chromosomes so that at the beginning of activity in the 
nucleus, breaks occur both before and after chromosome splitting to give 
rise to aberrations. The fact that the chromosome aberrations are much 
more frequent, however, suggests that breakages and fusions occur in the 
resting stage before nuclear activity is initiated by germination. 

The high frequency of chromosomal aberrations in various onion varie- 
ties would be expected to result in meiotic irregularities, high pollen 
sterility, and relatively frequent mutations. An examination of more than 
600 cells in meiotic division and 300 cells at microspore division revealed 
no spontaneous aberrations. Apparently, irregularities in the reproduction 
cells are not common, which may mean that the more serious aberrations 
cause a differential survival of the cells in development, and few cells with 
gross deletions are involved in reproductive tissue. This hypothesis is sup- 
ported by the experiments on sterility of pollen in trees of different ages. 
Preliminary results on X-ray treatment of seedlings of some 40 or 50 
genera of flowering plants reveal that the seedlings at an early stage show 
a marked stunting of growth, but these seedlings at later stages appear to 
recover from the effects of the treatment (Sax, unpublished). These results 
also suggest a differential survival value for cells containing gross chromo- 
somal changes. 
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SUMMARY 


Spontaneous chromosome aberrations were found in the primary di- 
visions of root tip cells in germinating seeds of ten varieties of Allium cepa. 

The frequency of chromosome aberrations varied greatly in different 
varieties, even when the age of the seed was uniform, suggesting inherent 
differences in susceptibility to spontaneous chromosome breakage. 

Within varieties there was an increase in the frequency of aberrations 
with increased age of the seed. The increase in frequency of chromosome 
aberrations was relatively greater than the accompanying decrease in 
percentage of germination. 

No chromosome aberrations were found in the primary root tip divisions 
in onion bulbs, although seeds of the same age and variety always contain 
some aberrations in the root tip cells. Apparently, dehydration plays some 
part in inducing chromosome breakage. 

Although chromosome aberrations were relatively frequent in the very 
young seedlings, few were found in later stages of development or during 
the reproductive cycle. Evidently gross chromosomal aberrations are 
eliminated due to a differential survival of the normal and aberrant cells. 
This conclusion is supported by some preliminary studies on pollen abor- 
tion in trees of different ages and by an analysis of successive cell genera- 
tions following X-ray treatment. 
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INTRODUCTION 


NTIL comparatively recently there has been no compelling evidence 
U that genetic “interference” involves more than the occurrence of one 
crossover reducing the chance of another occurring in nearby regions. 
Genetic data from Drosophila have generally been interpreted as indicat- 
ing that there is no “chromatid interference,” that is, that a crossover 
between two of the four chromatids does not influence which two are in- 
volved in the next. The occurrence of the first type of interference (now 
known as “chiasma interfererice”) cen be tested in any organism having a 
sufficient number of marker genes. Chromatid interference can be detected 
genetically in organisms such as certain fungi and mosses in which the 
four products of the meiotic divisions remain associated, thus making it 
possible to determine the genetic constitution of the four strands involved 
in two adjacent chiasmata, or in such abnormal stocks as “attached-X” 
Drosophila (and the X° or “closed X” arising from it) in which a perma- 
nent association at the right end of the two X chromosomes makes it pos- 
sible to recover two of the four strands of a bivalent in the female progeny. 
The occurrence of more than 50 percent recombination, which has been 
reported in Pisum and Viola, would in itself indicate chromatid inter- 
ference but the evidence in these cases requires further cytogenetic exami- 
nation. 

HEARNE and HuskIns (1935) found definite cytological evidence of 
chromatid interference in chiasma formation in Melanoplus femur-rubrum. 
Recently, LINDEGREN and LINDEGREN (1937, 1939) have found genetic 
evidence of chromatid interference in crossing-over in Neurospora crassa. 
Trillium erectum has advantages over any other material yet studied for 
detailed cytological analysis of chromatid relationships and _ possible 
genetic interpretations, and a study of it was therefore initiated (HuSKINS 
et al. 1938) soon after chromatid interference was found in Melanoplus. 
Evidence is here presented showing that there are complexities in chiasma 
formation that have not previously been described or considered in 
analyses and theories of crossing-over. 

1 Facilities for this research were provided by a grant from the Rockefeller Foundation to 
McGill University. The preliminary studies were conducted while the junior author was an Em- 


pire Cotton Growing Corporation Scholar; the work was completed while he was a National Re- 
search Council of Canada Scholar. 
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In two adjacent crossovers there are three possible genetic types of 
crossover pairs or “double exchanges.” These may be termed two-, three-, 
and four-strand doubles, since two, three and four strands respectively 
are involved in the two exchanges. If the chromatids are involved at ran- 
dom at the two crossovers these types will occur in the ratio of 1:2:1. A 
deviation from a 1:2:1 ratio of the three types of double exchanges would 
indicate that something is interfering with random association of chroma- 
tids in the two exchanges. If the two-strand double exchanges are in excess, 
strands involved once must tend to be involved again, and chromatid 
interference may be said to be negative. If four-strand double exchanges 
are in excess the reverse must be true, and chromatid interference may be 
said to be positive. A random proportion of these three types does not, 
however, necessarily indicate an absence of chromatid interference since 
there remains the possibility that both positive and negative interference 
are present at the same time, but that one or both are varying with position 
on the chromosome or the distance between crossovers. Under such cir- 
cumstances the total effect might be a balance of the two. 

With two- and four-strand double exchanges found in equal frequency 
there results a 1:2:1 ratio of non-, single- and double-crossover strands. 
Three-strand double exchanges give the three types of strands in the same 
ratios. Provided the numbers of two- and four-strand double exchanges 
remain equal an excess or deficiency of three-strand double exchanges will 
therefore not affect the ratio in which non-, single- and double-crossover 
strands occur. It will, however, indicate some form of chromatid inter- 
ference. If all chiasmata represent genetic crossovers the three-strand 
double exchanges can be distinguished cytologically from the two- and 
four-strand doubles combined. 

In cytological studies where the chromosomes are so fixed and stained 
that all four chromatids can be traced through successive chiasmata it is, 
of course, possible to study both chiasma and chromatid interference pro- 
vided it is assumed that all, or at least an overwhelming proportion of all, 
chiasmata represent genetic crossovers. In many individual cases it now 
seems well established that chiasmata do result from crossing-over (BEL- 
LING 1929, DARLINGTON 1930; for reviews see DARLINGTON 1937, MATHER 
1938); hence this is a reasonable working assumption which we herein 
adopt. The evidence for Matsuura’s (1940) interpretation, which involves 
two mechanisms of chiasma formation, is not considered adequate. Pend- 
ing more compelling evidence “entia non sunt multiplicanda ...” The 
chief limitation to the cytological method is that the chiasmata when 
examined may not be in the positions in which they were formed; this is 
definitely the case in those organisms in which terminalization occurs. A 
second limitation is that it is impossible to determine whether the two 
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chromatids which cross each other at a chiasma are genetically the cross- 
over or non-crossover strands. Three causes are here involved: (a) We do 
not know which two of the four strands are involved at the time of chiasma 
formation. (b) After chiasma formation twisting of the chromosomes can 
obscure the original arrangement even if the sister strands remain closely 
associated and homologous pairs of strands are widely separated. (c) When 
the four chromatids are all more or less widely separated from each other, 
or if alternate internodes are at right angles, it is the angle from which a 
chiasma is viewed that determines which strands appear to cross. 

Despite these limitations certain data important for an analysis of 
crossing-over can be obtained from purely cytological observations of 
favourable material. Some of these cannot be obtained from purely genetic 
studies which have their own serious limitations. For instance, they give 
us no idea of the chromatid arrangements producing the single, double 
and non-crossover strands. Obviously it would be better to have data 
from an organism which is favourable for both genetic analysis and cyto- 
logical study at meiosis, but this has not yet been found. 

Using observations of various authors on chromosomes not stained to 
show internal structure and therefore yielding only approximate data, 
HALDANE (1931) showed that the frequency of chiasma formation in a 
bivalent has a much smaller variance than would be expected if each is an 
independent event. This indicates the presence of “chiasma interference” 
which may be assumed to be the same as ordinary genetic interference in 
crossing-over. The amount of interference cannot, however, be determined 
accurately from such studies owing to the impossibility of determining the 
true chiasma frequency and distribution in “bulk-stained” chromosomes. 

In Melanoplus femur-rubrum HEARNE and Huskrns (1935) found 71 
compensating pairs of chiasmata and 35 non-compensating (highly sig- 
nificant deviation from expected 1:1; x?=12.23). In the compensating 
type the paired strands separated by one chiasma are reunited by the 
second. This may be caused (speaking descriptively and disregarding for 
the moment the question of which are the genetic crossover strands) either 
by the same two strands being crossed at both chiasmata (giving a “re- 
ciprocal compensating” pair) or by the alternative pair being crossed at the 
second one (giving a “complementary compensating” pair). In the absence 
of visible differences between homologues, however, we cannot know the 
relationship of the ends of the chromosomes after diplotene opening out, 
and any attempt to distinguish these two types of compensating chiasma 
pairs cannot be other than merely descriptive and superficial,even from 
the purely cytological point of view. Obviously then, in attempting a 
genetic interpretation, it cannot be determined whether they are two- or 
four-strand double crossovers. However, for the purpose of demonstrating 
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the existence of chromatid interference it is quite sufficient to show that 
compensating and non-compensating chiasma pairs do not occur with 
equal frequencies. The frequency of the former in Melanoplus being twice 
that of the non-compensating pairs indicates that there must be chromatid 
interference in chiasma formation b-: it does not tell whether this is posi- 
tive, negative, or more complex in nature. Were there no chromatid inter- 
ference they would be expected in equal numbers. The converse, however, 
does not necessarily hold, that is, equality of compensating and non- 
compensating chiasma pairs does not prove the absence of chromatid 
interference. For instance, two-, three-, and four-strand double exchanges 
occurring in the ratio of 3:4:1 and therefore producing double-, single- and 
non-crossover strands in a ratio of 10:12:10, would give equality of 
compensating and non-compensating chiasma pairs. 

Trillium erectum appears to have little or no movement of chiasmata 
before anaphase (HuskKINS and SMITH 1935); its chromosomes are very 
large and few in number, and by appropriate methods the four chromatids 
of each bivalent may be clearly differentiated and sufficiently separated 
for them to be traced through all the chiasmata along their length—in 
some cases even through the attachment region. SAX (1936) pointed out 
that in HEARNE and Huskins’ Melanoplus figures there were four cyto- 
logically distinguishable types of chiasma pairs. In Trillium eight distinct 
types have been observed. These were found to differ in average length 
as shown herein. This introduces a new factor to be considered in the genet- 
ic analysis of interference. A reanalysis has therefore been made of certain 
published Drosophila data, pending a new genetic study with stocks es- 
pecially made up for the purpose. BEADLE and EMERSON (1935) from an 
analysis of crossing-over in an attached-X strain of Drosophila concluded 
that there was no evidence of chromatid interference. WEINSTEIN (1936) 
reached the same conclusion from analysis of many published and original 
data. BONNIER and NORDENSKIOLD (1937) reported positive chromatid 
interference in D. melanogaster, but some of their evidence is disputable. 


MATERIALS AND METHODS 


A preliminary study was made in 1936-37 from one of the best of 
Huskins and Smitu’s (1935) slides. The results were reported in detail 
only verbally at the Summer Meeting of the Genetics Society of America 
(summary in Huskrns et al. 1938). They are here presented separately 
from the main study which has been made during 1938-39. For the main 
study two slides made for Witson and Huskrns’ (1939) analysis of chromo- 
some coiling have been used in addition to a number made especially for 
present purposes. The preparation of the latter differs from that of the 
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first three slides only in the conditions under which the material was kept 
prior to smearing. 

Pollen mother cells at early first metaphase were smeared on slides, 
desiccated for from 20 to 30 seconds and fixed overnight in La Cour’s 
2 BD. Following this they were bleached with hydrogen peroxide in 70 
percent alcohol and stained in iodine-crystal violet according to the 
schedule of Huskins and SmitH (1935). In the special preparations the 
washing before and after bleaching was reduced to little more than a rinse. 

In the first three preparations the spiralling of the chromonemata made 
it difficult to trace each of the strands throughout its length without at 
some level confusing one with its pairing partner. However, by raising the 
temperature at which the Trilliums were kept while undergoing meiosis 
the spiralling was greatly reduced. The material for WILson and Husxins’ 
preparations (slides 1 and 2) was kept in small tanks at 16°C. The two 
recent preparations analyzed: in detail (slides 3 and 4) were made from 
material grown at room temperature, 18°-22°. The material used by 
HuskIns and Situ in the preliminary study was from corms kept at 
slightly lower room temperatures. 

In the preliminary study, due to the coiling, chromatids could be traced 
only in some of the bivalents in a cell. In the main study camera lucida 
drawings at a magnification of 4100 X were made of all the chromatids in 
12 cells from each of four slides. A Zeiss 1.5 mm 1.3 N.A. objective and a 
20 X ocular were used. 


OBSERVATIONS 
Preliminary data 


Only four types of chiasma pairs, the same as those found in Melano- 
plus, were discovered in the preliminary study. They are those designated 
a-d in figure 1, which shows diagrammatically all the eight types (a—h) 
later found. The frequencies of the four types, a—d, in the fifty pairs of 
chiasmata initially studied are 33:15:1:1 (table 1). The mean length be- 
tween the chiasmata in the two most frequent types, a and b, is 2.34 and 
3.3m respectively. A x? test, using a four-fold table for the two types and 
the numbers longer and shorter than the mean gives a value of 6.7, P=.or. 
The difference is therefore significant. Type a is a pair of compensating 
chiasmata and type b is non-compensating. 


Main data 


In the 48 cells drawn from slides 1, 2, 3 and 4 there was a total of 1o11 
chiasmata. There were 508 adjacent pairs, not including those straddling 
the spindle attachment. In 391 of these pairs it was possible to trace with 
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a high degree of accuracy the positions of all the chromatids. The eight 
different types actually observed are shown diagrammatically in figure 1 
and are arranged in order of their frequency of occurrence. It will be seen 
that the first four of these, a, b, c, and d, are those described by Sax 
(1936) as free, continuous, chromatid lock, and chromosome lock, re- 
spectively. 


rom b Cc d 2 J f) h 


¢------ PROXIMAL DISTAL-------> 


CHANGES IN LEVEL 


) 2 4 4 oe 6 6 3 
TOTAL CHROMATID OVERLA®S 
8 12 16 6 
FREQUENCY ” ” id Je 
190 144 34 16 3 2 I I 
YS — vr’ 


AVERAGE LENGTH 
2.5 3.7 3.6 4.7 5.4 


FicurE 1.—Diagrammatic representation of types as used in analysis of chiasma pairs, see text. 


Actual configurations of these four types are shown in figure 2 which is 
diagrammatic only in that the chromatids are depicted without coiling. 
In figure 3 the complete complement of one nucleus from slide 3 is illus- 
trated. As mentioned above, slides 3 and 4 had reduced coiling. It will be 
noted that in three bivalents the chromatids can be traced through the 
attachment region of both homologues, though not with as great certainty 
as elsewhere along their length. 

In interpreting these three dimensional configurations and illustrating 
them in one-plane diagrams, account must be taken of differences which may 
result from the angle of view and from the movement of chromosome ends 
in the “opening-out” which occurs after the time of crossing-over. A com- 
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plex configuration may present eight different aspects if angle of vision and 
possible movement of ends is taken into account. In figure 1 the eight dis- 
tinct types are shown in the eight columns and the different aspects in the 
eight rows of each column. The derivation of the eight rows in figure 1 


FREE 


my 


CHROMATID CHROMOSOME 
LOCK LOCK 


S ¥ 


FIGURE 2.—The four commonest types of chiasma pairs drawn with chromonema coils omitted. 

















FicurE 3.—The five bivalents in one nucleus of Trillium erectum slide 3. Note the four types of 
chiasma pairs and the split attachment regions. 


which show diagrammatically the various aspects which each of the eight 
types of chiasma pairs may assume is as follows: Row 1 is the arbitrary 
standard representation of chiasma pairs with both ends of one homologue 











108 C. L. HUSKINS AND H. B. NEWCOMBE 


pointing downwards; in row 3 both ends have been inverted. Row 5 has 
only the right-hand ends of the “standard” representations of row 1 in- 
verted; row 7 has only the left ends inverted. Rows 2, 4, 6 and 8 are rows 
I, 3, 5 and 7 viewed from behind but with the attachment still to the left, 
that is, the standard representations have been rotated through 180° on 
their longitudinal axes. 

It will be seen from the figure that the effect of 180° rotation varies with 
the complexity of the configuration. Types a and c are unaffected. Rotation 
of types b, d, e, f, g and h gives even-numbered aspects distinct from their 
corresponding odd-numbered aspects. 

In obtaining mirror images the mirror must be held above or below, not 
at the end, as that would reverse the “chiasma direction” relative to the 
attachment which is consistently at the left-hand side in this classification. 
Owing to the simplicity of type a, mirror images are indistinguishable. 
They are likewise indistinguishable in type d since mirror images of 1, 2, 5 
and 6 are the same as the representations in rows 3, 4, 7 and 8 respectively. 
In type c, although 180° rotation gives even-numbered aspects identical 
with odd-numbered aspects, their mirror images are distinguishable. In all 
other types a mirror image of each aspect is distinguishable. 

The joint effect of rotation and mirror imaging will therefore be to pro- 
duce 16 distinct configurations of types b, e, f, g and h chiasma pairs. 
Types c and d will each comprise only eight but for different reasons; in 
type c four result from mirror imaging, in type d four result from rotation. 
Due to its complete symmetry type a consists of only four distinct con- 
figurations. 

In table 2 are given the chiasma frequencies, the number of adjacent 
pairs, the number of these in which the strands could be traced, and the 
numbers of each of the different types. Table 1 gives the average lengths 
of each of the observed types in the preliminary work, the four Trillium 
preparations of the main study and the work of HEARNE and HuskINns 
(1935) on Melanoplus. From the drawings of the latter it has been possible 
to measure the distance between chiasma pairs and to distinguish accord- 
ing to the present classification 65 of their 106 configurations. 


Pairs of chiasmata, types and lengths 


In table 1 the types of chiasma pairs are arranged in order of decreasing 
frequency, which, as we shall see, is essentially in accord with their order 
of increasing complexity. There are two possible criteria of complexity: 
(1) Each type may be drawn in the eight different ways possible (neglect- 
ing mirror images), that is, twisted so that the directions of the two chias- 
mata are LR, RL, LL, and RR, and the totai numbers of chromatid over- 
laps then counted. For types a to h these are 8, 12, 16, 16, 20, 24, 24 and 
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32 respectively. (2) If at the ends of a chiasma pair two strands are thought 
of as being on a higher level and two on a lower level, then the number of 
changes in level of the four strands may be counted. The numbers of 
changes in level for any one of the eight possible representations of each 
type a to h are o, 2, 4, 4, 4, 6, 6, and 8 respectively. By either criterion type 
c is equal in complexity to type d. The difference is that the second method 
would indicate that type e is also only of the same degree of complexity as 
types c and d. 

Mirror images were disregarded in the original study. They have since 
been analyzed by Dr.S.G.Smirtu from the original drawings. It is found that 
there are 106 plain and 78 mirror images, a significant deviation from 


TABLE I 
Frequencies and lengths of the different types of chiasma pairs. 








a b c d e f g h TOTALS 





Frequencies 
Melanoplus (from HEARNE and 





HusKINs 1935) 27 26 9 3 65 
Trillium (preliminary data) 33 15 I I 50 
Trillium (main data) 190 «144 34 16 3 2 I ro 

Total 250 «185 44 20 





Average lengths in microns 


Melanoplus a5 45 §.2% 3 
Trillium (prelim.) 2.3 $.3 37 $2 
Trillium (main) 2.5 3-7 3:6 4.7 go 3.0 10.0 10.0 





5-4 





equality—x’? = 4.26, P =.05 —.o2 in the six types b, c, e, f, g, and h in which 
they are distinguishable. 

Complexity is clearly correlated with the frequency with which a par- 
ticular type occurs, and not only do the simplest types of chiasma pairs 
occur must frequently but within the four common types the a¥erage 
length of the configuration (that is, the distance between two chiasmata) 
is least in that occurring most frequently, type a, and the greatest in that 
occurring least frequently, type d. Types b and c are intermediate. Types 
e, f, g, and h are represented by only very small numbers of observations 
and the individual lengths are not obviously correiated with frequency. 
The average length for the combined four groups is, however, greater than 
that of any of the more frequent and less complex types. 

Similar data derived from HEARNE and HuskIns’ (1935) Melanoplus 
figures have been included in table 1. It was not expected that differences 
in length of different types would be as noticeable in Melanoplus chromo- 
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somes because in it the strands were in many cases very widely separated. 
Apart from terminalization, such a separation of the chromatids, by in- 
creasing parallax, makes determination of the positions of the chiasmata 
less definite and renders determinations of the interstitial distances less 
accurate when made from drawings that did not especially take this into 
account. It will increase variance and reduce the chance of discovering a 
statistically significant difference between the interstitial lengths of the 
types. Despite this, it was found in Melanoplus that type b configurations 
were longer than type a, just as they are in Trillium. The average length 
of type a was 3.5u and of type b 4.8u. A test of significance applied to these 
data gave a x” value of 5.6, P= <.02. 

In the main data the significance of differences in length has been tested 
in a number of ways. Censidering the first two slides alone, it will be seen 
from table 2 that in each of the five bivalents from each slide, that is, in ten 
separate classes, type a is shorter than type b. The probability of this 
occurring by chance is one in 2"°, that is, P=.001. The same method when 
applied to the second two slides gave similar though less consistent re- 
sults. This was to be expected, however, since slides 3 and 4 had a much 
lower chiasma frequency than slides 1 and 2 and the number of observa- 
tions in some of the chromosomes was therefore necessarily small. 

The x? test was also used as with the other data (see table 3) to find the 
significance of the difference in mean length between types a and b. The 
data from slides 1 and 2 gave a x? of 19.52; those of slides 3 and 4 a x’ of 
1.25; P= <.0o1 and <.30 respectively. 

The lack of significant difference in slides 3 and 4 requires further con- 
sideration. A reduction in chiasma frequency must have two effects (a) to 
increase the average distance between chiasmata and (b) to reduce the 
total number of observations. As may be seen from figure 4 the lower 
chiasma frequency slides 3 and 4 have a sharp reduction in the number of 
chiasma pairs in the shorter classes, and a slight increase in the number in 
the longer classes. From figures 5 and 6 it may be seen that type a is in 
great excess only in the shorter classes of slides 1 and 2. In the longer classes 
types a and b occur with nearly equal frequency. This must necessarily 
decrease the difference in their average lengths which together with the 
reduction in number of observations would be responsible for the low x’. 

In order to determine the significance of the differences between the 
mean length of the types when compared with one another, the standard 
error of the mean was calculated for each. The standard errors, and the 
significance of the differences, as indicated by P, are given in table 4. 
Because of the small number of observations in each of types e to h, these 
four have been grouped in making calculations. It will be seen that type a 
is significantly shorter than any of the other types, and type c than type d. 
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TABLE 2 





were analyzed from each slide. 


Average lengths of the different types of chiasma pairs, and the data from which these were calculated. Twelve complete cells 
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TABLE 3 
Differences in lengt» between types a and b, and significance as indicated by x? 
and the nearest value of P. All measurements are in microns. 




















TYPE a TYPE b DIFF. IN “s 
x P 
NUMBER AV. L. NUMBER AV. L. AV. L. 

Melanoplus 

(H. and H.) 27 5.5 26 4.8 1.3 5.6 <.02 
Trillium (prelim.) 33 2.3 15 £3 1.0 6.7 OI 
Trillium (main data) 
Slide 1 69 2.3 31 3.8 ee 15.16 <.0o1 
Slide 2 53 2.0 46 3-0 1.0 12.04 <.001 
(1 and 2) 122 2.2 17 ‘2 a 19.52 <.001 
Slide 3 27 3-7 21 5.2 2.2 0.167 <.70 
Slide 4 41 2.7 46 3.6 °.9 3-87 .05 
(3 and 4) 68 3.3 67 4.1 1.0 1.246 <.30 
(1, 2, 3 and 4) 190 2.5 144 3-7 1.2 15.87 <.001 





* x? was calculated by means of a 2X2 table using the numbers of types a and b longer and 
shorter than their joint mean. 
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FiGuRE 4.—Frequency distribution of chiasma pairs of different lengths (from table 5). Solid 
line—slides 1 and 2 (high chiasma frequency); Broken line—slides 3 and 4 (low chiasma fre- 
quency). 


Chiasma pairs across the attachment 


Slides 3 and 4 were from material grown at a higher temperature (18- 
22°C) than the other material. In them the region of the attachment is 
clearly split in some of the chromosomes (see fig. 3). Ordinarily it is im- 
possible to distinguish the type of a chiasma pair which includes the at- 
tachment, owing to the impossibility of tracing the strands through it. 
In sixteen of the bivalents, however, both attachment regions were split 
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FiGuRE 5. Numbers of types a, b, and c in the different size classes. 
(Slides 1 and 2; from Table 6). 
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Ficure 6.—Numbers of types a, b, and c in the different size classes (Slides 3 and 4; from 
Table 6). Note: One type b configuration in size class 12-13 was observed but has been omitted 
from the graph. 

TABLE 4 

Length differences between different types of chiasma pairs, standard errors of the differences, and 
significance of the differences in length as indicated by the nearest value of P. Types e, f, g, and h, 
have been grouped because of their small numbers. 











DIFFERENCE DIFF. OF L. 

TYPES OF LENGTHS Ca ___ P 

IN MICRONS Ca 

a-b 1.156 0.169 6.8 000,000,001 
a-c 1.107 0.265 4.2 -000,01 
a-d 2.145 ©.577 3-7 .000, 1 
a-(e, f, g, h) 2.918 1.224 2.4 .02 
c-d 1.038 0.635 2.2 03 
b-d 0.989 0.601 1.6 oat 
b-(e, f, g, h) 1.762 1.235 1.4 16 
c-(e, f, g, h) 1.811 1.251 1.4 16 
d-(e, f, g, h) 0.773 1.352 0.54 -59 
b-c 0.049 0.314 0.016 -99 
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so clearly that the strands could be traced through them with a fair de- 
gree of accuracy. Of the chiasma pairs straddling the attachment, types 
a, b, c, and d occurred in the following numbers: 4, 10, 1 and 1 respectively 
(see table 5). This is not a sufficiently large number from which to de- 
termine whether the attachment has affected the proportions of the types. 


TABLE 5 
Types of chiasma pairs straddling the attachment. 





TYPE a TYPE b TYPE C TYPE d 








Both chiasmata adjacent to the attachment 


Slide 3 3 2 ° ° 
Slide 4 ° I ° ° 
Combined 3 3 ° ° 


One chiasma adjacent to the attachment 


Slide 3 ° 2 ° ° 
Slide 4 ° 2 I I 
Combined ° 4 I I 


Neither chiasma adjacent to the attachment 





Slide 3 ° I ° ° 
Slide 4 I 2 ° ° 
Combined I 3 ° ° 
Total 4 10 I I 





In case there should be a noticeable difference between those in which 
one, both, or neither of the chiasmata is close to the attachment, the num- 
bers are given separately in table 5 for each of these three classes. The 
data, though far too limited for significance, suggest that in chiasma pairs 
straddling the attachment the proportion of type a may possibly be great- 
est where both chiasmata are adjacent to the attachment, making the 
interstitial distance short. This would be in agreement with the data ob- 
tained from the arms of the chromosomes. However, the proportion of type 
a is lower in each of these three classes than that found in the arms; 
whether this is a real difference cannot be determined because of the small 
number of cases in which the strands could be traced through the attach- 
ment region. 


Effect of crowding of chiasmata upon the types formed 


Slides 1-4 differ considerably in chiasma frequency, 1 and 2 having an 
average of 22.2 chiasmata per cell, and 3 and 4 an average of 15.8. It is of 
interest to note the effect which differences in chiasma frequency have 
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upon the proportions of the different types of chiasma pairs. It may be 
seen in figure 4 that the greater chiasma frequency of slides 1 and 2 has 
resulted in a crowding of the chiasmata and an increased number of 
chiasma pairs with an interstitial length of o-1 and 1-2 microns and a 
slight but consistent decrease, relative to slides 3 and 4, in the number of 
chiasma pairs with interstitial lengths greater than this. The data from 
which figure 4 was derived are presented in table 6. 


TABLE 6 


Frequency distribution of different types of chiasma pairs in size classes. 








SIZE CLASSES IN MICRONS 
o-I I-2 2-3 3-4 4°95 56 67 7-8 8-9 9Q-IO I0-II II-1I2 12-13 TOTAL 





Slides 1 and 2 


Type a (free) 34 47 20 10 6 5 122 
Type b (continuous) 4 22 19 12 13 3 2 2 77 
Type c (chromatid 

lock) I I I 4 3 10 
Type d (chromosome 

lock) 2 2 I I 6 
Other types I I I 3 

Total 30 73 4 28 22 9 2 2 I 218 


Slides 3 and 4 


Type a (free) 13 16 II 12 12 I I 2 68 
Type b (continuous) 3 8 20 17 6 4 3 2 2 1 I 67 
Type c (chromatid 

lock) I 7 5 3 4 3 I 24 
Type d (chromosome 

lock) I 2 2 2 2 I 10 
Other types 2 I I 4 
Total 18 33 38 32 24 8 6 8 I 3 I z 2973 





From the length-complexity-frequency correlation found it would be 
expected that since there is an increase in the number of chiasma pairs 
with short interstitial regions there would also be an increase in the pro- 
portion of type a, that is, the type which tends to have a short interstitial 
length. Such is the case; in the cells from the two slides with the higher 
frequency the ratio of type a:type b is 122:77, whereas in those with the 
lower frequency it is 68:67 (see table 6). 

From table 6 it appears that there is no consistent difference in the pro- 
portions of these two main types in similar length classes from slides aaving 
low and those having high chiasma frequencies. In the shortest length 
class, o-1u, type a is greatly in excess in both cases. In the 1-2 1ength 
class type a is about twice as frequent as type b, in both pairs of slides. 
In some of the length classes (especially class 4—5u) differences in the 
proportion of types a and b do occur between the two pairs of slides, but 
since the numbers are small these differences are probably not significant. 
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DISCUSSION 


Definite results of the cytological study and their 
relation to genetic data on crossing-over 


All chiasma pairs in which the chromatids could clearly be traced can be 
fitted into eight basic types (a—h). As shown in figure 1 eight configurations 
which would look different under the microscope could contribute to any 
one of the basic types except a and c, which owing to their symmetry com- 
prise only four. All four have been found in type a and all eight in type b. 
In type c neither the indistinguishable aspects 7 and 8 nor their mirror 
images were found; these are those with the greatest number of twists. 
In addition mirror images of type b were found corresponding to aspects 
1~7 and mirror images would be expected for types e, f, g, and h, if they 
were sufficiently numerous. At first glance there are apparent similarities 
between some of the one-plane representations of different basic types. 
For example, a 5-8 may look like c 1-4 and a 1~4 like c 5 and 6, but all 
of type a are “free” configurations, while all of type c have interlocked 
chromatids. Similarly types c and d are in general superficially alike but 
type d are “chromosome locks” having one chromosome lying between the 
two chromatids of the other. 

The observations show definitely that a certain amount of chromatid 
twisting must exist at the time of chiasma formation as in the more com- 
plex types of chiasma pairs it could not have arisen later. However, it is 
not possible to say how many twists a particular type has since it may 
present so many aspects under the microscope or be represented in so 
many different ways. When all possible representations are considered, 
however, we can say that certain types tend to have more twists than 
others, and that there is clearly a general correlation between interstitial 
length and complexity, as shown in figure 1. 

The simplest types are definitely the most frequent. But judged either 
by number of chromatid overlaps or changes in level, types c and d are 
of equal complexity, yet type c occurs twice as frequently as type d. There 
are various assumptions by which this may be explained. Neglecting these 
for the present, there is in any case general covariance of frequency, inter- 
stitial length and complexity: see figure 2, and tables 1, 2, 4 and 6. 

We may for statistical treatment group all the configurations into two 
classes as compensating and non-compensating chiasma pairs since this 
is the classification most definitely of genetic significance. In the pre- 
liminary Trillium data the average distance between chiasmata in 33 
pairs of type a was 2.3u and in 15 of type b it was 3.34. Using a fourfold 
table, the association between length and type was found to be highly 
significant; x?=6.7; P=.o1. In the Trillium main data the average dis- 





5 Ns 


jee 











CHROMATID INTERFERENCE 117 


tance was 2.5u in type a and 3.7u in type b. It was 2.8 in the total of 244 
compensating pairs (types a, c, d, e, and h) and 3.74 in 147 non-com- 
pensating pairs (types b, f, and g). There is no apparent terminalization 
and its only effect if present would be a partial masking of the original 
differences in length. Analysis of HEARNE and Huskins’ Melanoplus 
figures shows that the average distance between chiasmata in 39 pairs of 
the compensating types, a, c, and d, is 3.8u and in 26 non-compensating 
pairs, type b, it is 4.84. Differences in interstitial length between types 
a and b are shown with their statistical significance in table 3. In table 4 
the differences between all the types are presented. 

WEINSTEIN (1936) has concluded from analysis of extensive Drosophila 
data that “the chromatids that cross over at one level do not determine 
which ones cross over at other levels.” This implies that two-, three-, and 
four-strand double crossovers will occur in the ratio of 1:2:1. Three- 
strand doubles correspond to the continuous or non-compensating type 
observed cytologically. The two- and four-strand doubles cannot (without 
making unverified assumptions) be distinguished cytologically and have 
collectively been termed compensating chiasma pairs. In the absence of 
some form of “chromatid interference” in chiasma formation compensat- 
ing and non-compensating pairs would be expected in equal numbers. 
In Trillium slides 1 and 2 there are 139 compensating pairs, and 79 non- 
compensating pairs. In slides 3 and 4 there are 105:68. In HEARNE and 
Huskins’ analysis of Melanoplus there were 71 compensating and 35 non- 
compensating pairs. Thus in both Trillium and Melanoplus there is a 
great deficiency of non-compensating pairs. Evidently the association of 
chromatids at one end of a chiasma pair is not independent of that at the 
other in these materials; there is cytological evidence of chromatid inter- 
ference. Further, the association between interstitial length and type of 
chiasma pairs shows that chromatid interference varies with the distance 
between chiasmata. If, despite general opinion to the contrary, cancella- 
tion of chiasmata can occur before anaphase, the higher chiasma frequency 
slides must give a truer picture of the extent of chromatid interference. 

LINDEGREN and LINDEGREN (1937) have obtained genetic evidence from 
Neurospora indicating that recurrence of crossing-over is not a random 
process. The ratio of two-, three-, and four-strand doubles obtained was 
27:14:8. Thus they have evidence of “negative chromatid interference.” 
These data involved the attachment as a point of reference. For analysis 
they divided the chromosome into four regions with the attachment be- 
tween regions 1 and 3. Between adjacent regions 1-2 and 3-4 seven two- 
strand, four three-strand and three four-strand doubles occurred. Between 
regions 1—3 and 2—4 there were o, 4, and 1. Between regions 1~4 there were 
10, 6, and 3. Between regions 2-3 there were 10, o and 1. There is, thus, a 
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greater proportion of two-strand doubles in double exchanges involving 
adjacent regions than in those separated by one region. Though the num- 
bers are very small it looks as if there may be some relationship between 
interstitial length and type of double crossover analogous to the length- 
complexity relationship of chiasma pairs in Trillium. The strand relation- 
ships across the attachment are, however, possibly reversed in Neuro- 
spora and Trillium (see table 5); in neither case are the numbers large 
enough to determine significance. Neurospora and Trillium agree in show- 
ing a great deficiency of three-strand doubles relative to two-strand and 
four-strand combined. In Neurospora the latter two classes can be dis- 
tinguished and there appears to be a significant excess of two-strand 
doubles (27:8). Though they cannot definitely be distinguished in Tril- 
lium, it will be shown in the next section of this discussion that if certain 
plausible but unverifiable assumptions are correct there is a similar excess 
in Trillium. 

LINDEGREN and LINDEGREN (1939) have further data. In the chromo- 
some studied, all the genes were, however, on one side of the attachment, 
which was itself used as a marker. Under such conditions it would seem 
impossible to distinguish between two- and four-strand double crossovers 
as they attempted to do. It is possible, however, to distinguish between 
three-strand doubles and the two- and four-strand doubles combined. 
These, in cytological terms, give a ratio of 24 compensating to 17 non- 
compensating chiasma pairs. In the previous Neurospora data the ratio 
was 35:14. Both these ratios deviate from the 1:1 ratio in the same direc- 
tion as the cytological data from Trillium and Melanoplus, but the first 
is, of course, not significant. 

A re-analysis we have made of BEADLE and EMERSON’s (1935) attached- 
X Drosophila data indicates that their observations do not necessarily 
prove crossing-over to be a random process at successive “levels” as they 
assume. In fact, a length-type analysis seems to suggest that there may 
be a direct correlation between the genetic length of chromosome sepa- 
rating two crossovers and the proportion of two-strand and three-strand 
doubles (see fig. 7). Short lengths seem to be associated with an excess of 
two-strand doubles. The very small number of individuals in the critical 
classes, that is, the short double exchanges, must, however, be noted. 

When this paper was presented at the Seventh International Genetics 
Congress the question was raised whether the 391 chiasma pairs which 
could be analysed in detail were a random sample of the total of 508 ob- 
served in the 48 complete nuclei. This point already had been considered 
and the conclusion reached that they probably were since the ease with 
which configurations could be traced seemed to depend almost entirely 
upon clarity of fixation rather than upon lack of complexity. In any case, 
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it was emphasized, there is in the main data an excess of 93 compensating 
pairs and to raise the non-compensating pairs to equality, it would be 
necessary to make the most improbable assumptior. that nearly all the 
117 pairs which could not be analysed were of the latter type. That this 
assumption is quite unwarranted for the shorter size classes is readily 
proved by showing that within the o— 1y class the proportion of compensat- 
ing to non-compensating pairs is 50:7 and in the 1~—2y class it is 75:31 
while the number of pairs which could not be analysed was only 4 and 25 
in these two size-classes respectively. Further, 23 of the latter 25 were 
on two slides (14 on slide 1 and 9 on slide 2) which increases the proba- 
bility that in these short lengths clarity of fixation is the chief limiting 
factor. 
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Figure 7.—Excess of two-strand doubles in Drosophila over the number expected on a random 
basis (from the attached-X data of BEADLE and EMERSON, 1935, table 7). 


It remained probable, however, that, other things being equal, pairs of 
chiasmata with short interstitial distances would be easier to classify 
than the longer ones. An analysis was therefore made of the frequency dis- 
tribution of the compensating, non-compensating and unclassified pairs 
(table 7 and fig. 8). From this it is clear (see especially the percentage 
unclassified in size-classes up to 74) that length is a factor in ease of analy- 
sis and that the distribution of the unclassified pairs is significantly differ- 
ent from that of the classified pairs as a whole. The distribution is more 
like that of the non-compensating than that of the compensating pairs. 
This is, of course, expected if length is a factor in ease of analysis, since the 
mean length of the non-compensating pairs (3.74) is greater than that of 
the compensating (2.84). In the longest and most complex types, how- 
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ever, two (e and h) are compensating and two (f and g) are non-com- 
pensating; their mean lengths should therefore be similar. In brief, there 
is a suggestion that the unclassified pairs may include somewhat more 
non-compensating than compensating types. This cannot be proved or 
disproved and there is certainly nothing to suggest that they are largely 
non-compensating types. 


TABLE 7 
Frequency distribution of unclassified and classified chiasma pairs in relation to interstitial length. 








SIZE CLASSES IN MICRONS 
SLIDE O-I I-2 2-3 3-4 475 5-6 67 7-8 89 9Q-IO I0-II II-I2 12-13 TOTAL 
































Unclassified I I 9 5 2 ° 2 I ° ° ° 36 
2 3 14 12 12 14 3 2 ° I ° I ° ° 62 
3 ° I 2 5 3 I ° ° ° ° ° ° ° 12 
4 ° I I 2 I I ° I ° ° ° ° ° 7 
1 and 2 4 23 15 19 20 8 4 ° 3 I I ° ° 08 
3 and 4 ° 2 3 7 4 2 ° I ° ° ° ° ° 19 
Total 4 25 18 26 24 10 4 I 3 I I ° o 117 
Non-comps. 1 and 2 4 22 19 13 13 3 2 2 ° I ° ° ° 79 
Non-comps. 3 and 4 3 9 20 17 6 4 3 2 ° 2 I ° I 68 
Non-comps. 1-4 7 31 39 30 19 7 5 4 ° 3 I ° z 247 
Comps. 1 and 2 35 51 23 15 9 6 ° ° ° ° ° ° °o 139 
Comps. gand4 15 24 18 15 18 4 3 6 I I ° ° °o 105 
Comps. 1-4 50 75 41 30 27 10 3 6 I I ° ° Oo 244 
Total 57 106 80 60 46 17 8 10 I 4 I ° I 301 

Percentage Unclassified 6.6 19.1 18.4 30.2 34.3 37-0 33-3 9-I 75.0 20.0 50.0 — ©.0 23.¢ 





Figure 8 shows very strikingly that whatever the proportion of com- 
pensating and non-compensating types in the unclassified pairs there can- 
not be equality of these types throughout the range of the size classes. 
The main conclusions of this paper therefore remain quite unchanged 
whatever type the unclassified pairs are assumed to be. These conclusions 
are that frequency, complexity, and interstitial length of the chiasma 
pairs show covariance and that there is therefore some type of “chromatid 
interference.” 

Ignoring the distribution of the cytological types with regard to length 
of chromosome and making two assumptions: (1) that almost all un- 
analysed pairs are non-compensating, and (2) that compensating pairs 
consist of two-strand and four-strand doubles in equal numbers, it would 
be possible to harmonize these data with a random (1:2:1) proportion 
of two-, three-, and four-strand double exchanges in the total data with 
the chromosomes considered as units, but this ratio would not occur in 
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all segments of the chromosome—it is clearly established that it does 
not occur within short regions. It is interesting that our length-type 
analysis of published Drosophila data suggests that this situation may 
possibly occur in it. Evidently further studies of Drosophila with this 
factor in mind are needed. 


The cytological data considered on the basis of various assumptions 


Throughout the foregoing analysis we have assumed that the chromo- 
somes and the paired chromatids can move in any direction in the process 
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FicurE 8.—The percentage distribution of unclassified, classified, compensating and non-com- 
pensating chiasma pairs, in different size classes (from table 7). 


of opening-out after chiasma formation and that the angle from which they 
are viewed may affect the aspect presented and therefore the representa- 
tion of a particular type. This accounts for the eight possible representa- 
tions (apart from mirror images of b, c, f, g and h) of each type. This 
assumption has been made because it is impossible to prove that they do 
not move at random and any conclusions based on any other assumption 
must at present therefore rest on insecure foundations. If for the moment 
we postulate, however, that movement is not random in opening-out and 
that in a fairly large series of observations the angle of vision factor will be 
randomly distributed, we may analyse the configurations further. We 
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may classify the original drawings of the chiasma pairs according to the 
scheme of figure 1 instead of being limited to classification into the eight 
distinct types. Analysing the configurations on this basis we obtain the re- 
sults shown in table 8. In this table the most frequent types, a—d, are 
each subdivided into two groups (rows 1-4 and 5-8 of fig. 1) and types 
b and c are further subdivided into their mirror images. The direction of 
crossing of the chromatids (the “chiasma direction”—-DARLINGTON 1937) is 
given at chiasmata successively distant from the attachment with the 
direction considered, for the purpose of analysis, as a twist proceeding 
away from it. In rows 1~4 the chiasmata are opposite, LR or RL, in all 
eight types and in rows 5~8 they are all “in the same direction,” LL or 
TABLE 8 


““Chiasma direction”? and assumed types of double crossovers. 


CHIASMA DIRECTION ASSUMED TYPE OF 


TYPE OPPOSITE SAME CROSSOVERS 
(cf. fig. 1) LR RL LL RR 2-STRAND 3-STRAND 4-STRAND 
ai-—4 64 72 130 ° ° 
a5-8 4 I ° ° 5 
1 and 2 {3 }15* ° 96 ° 
br 60}, = 36 
3 and 4 | 26 ol 92 
5 and 6 (4 {s* ° 25 ° 
bs-8 4 BK i ed 
° 7 and 8 \8 8 
, “ fs 
1 and 2 4 3 ° ° 13 
cI-4 7\ _« 1) 
3 and 4 \3 3 
g) 5 and 6 (10 (7* 17 “ me 
c5- ‘ 10 7 
> “|7 and 8 | o* “lo 
d1-4 4 4 ° II 
d5-8 3 ° 3 ° ° 
138 118 29 21 156 121 29 
* 


Mirror images of the interpretations shown in figure 1; not distinguishable in types a or d 


RR. We see from table 8 that an overwhelming proportion of chiasmata 
are in opposite directions in type a configurations (136 LR or RL:5 LL 
or RR). In type b there is still a great, though smaller, excess of “opposite” 
pairs (96:25). In types c and d the proportions do not deviate significantly 
from equality. It should be noted that mirror images (viewed, of course, 
from above or below to retain the proximal-distal orientation) have re- 
versed chiasma directions (left becomes right and vice versa) and that 
movement of the chromosome ends in the same direction on either side of a 
chiasma pair would give opposite chiasmata in type a but chiasmata in 


the same direction in types c and d, cf. figure 1. The significance of the 
great total excess of opposite twisting at successive chiasmata cannot at 
present be determined. It is possible that some small part of the excess 
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may not be real, as when one chromatid lies directly over another there 
may be a tendency on the part of the observer to draw the configuration 
according to the simpler of the alternative interpretations then possible. 
This was not at first realized; in the final analysis of the drawings many 
doubtful cases have been omitted to reduce this possible source of error. 

If we consider that opening out at diplotene and later does not involve a 
rotation of the chromosome ends then one simple assumption to explain 
the great excess of opposite pairs of chiasmata in types a and b would be 
that crossing-over in the short regions which these involve is usually con- 
ditioned by chromosome overlaps, not by torsional strain. Another simple 
assumption to explain the excess of opposite pairs without rotation is that 
they result directly from a tendency of alternate internodes to open out at 
right angles to each other. A recent recheck of the observations (S. G. 
SMITH unpublished) does not, however, entirely support this widely ac- 
cepted assumption. 

If we consider, on the other hand, that “relational coiling” conditions 
crossing-over, we have two possibilities depending upon whether crossing- 
over relieves torsion completely or only partially. If completely, there 
would be no need for rotation in opening out and the excess of opposite 
pairs would be unexpected. If, however, torsion is still present after 
crossing-over and there is rotation in opening out, then the excess of oppo- 
site pairs in types a and b may be due merely to untwisting being more 
complete in these shorter types. 

Further studies, especially of structurally aberrant bivalents and of re- 
lational coiling may enable decisions to be made regarding these and other 
possibilities. For the present we can say only that on the initial postulates 
of this section of the discussion the distance separating a pair of chiasmata 
is related to the tendency for opposite or similar twisting at successive 
chiasmata. The similarity of this to the relation between frequency and 
length in the analysis of the eight types of chiasma pairs deserves further 
consideration. 

Following further this analysis in terms of the figure 1 representations 
of each pair of chiasmata and assuming in addition that crossing strands 
at a chiasma are consistently either the genetic crossovers or the non- 
crossovers we find that in 306 pairs of types a—d, with each type sub- 
divided into the two groups with opposite and similar chiasma directions, 
there are 156 two-strand, 121 three-strand and 29 four-strand double 
exchanges (table 8). This deviates from randomness in the same direction 
as the LINDEGRENS’ genetic ratio of 29:14:8 in Neurospora. For a further 
possible analysis of the configurations in terms of crossing-over we may 
revert, as in the first part of this discussion, to consideration of only the 
eight distinct types without any attempted subdivision of each of these. 
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We can then include representations that fall into both of the sub-groups 
1-4 and 5-8. On any of the interpretations of the chiasma theory of cross- 
ing-over type b configurations must be three-strand doubles. There are 
144 of these in the total of 384 configurations of types a—d, whereas in the 
absence of chromatid interference there should be 192. We cannot dis- 
tinguish two-strand from four-strand doubles. But let us assume for the 
moment that type a pairs are two-strand doubles and types c and d both 
four-strand doubles. This assumption though without any verifiable 
foundation is a very natural one, since out of 141 type a configurations 136 
fall into rows 1-4, that is, they appear under the microscope as if only two 
strands were involved in the two chiasmata. Analysed on this basis the 
384 configurations of types a-d comprise two, three and four-strand 
doubles in the ratio of 190:144:50. Again it deviates very significantly 
from the expected 1:2:1 and this time it is strikingly similar to the Neuro- 
spora genetic ratio. Such similarity cannot, however, be considered too 
seriously, even apart from the unverified postulates involved, since on the 
one hand the number of Neurospora data is small (in one case too small 
for significance), and on the other the proportions of the different types are 
different in the two lots of Trillium (P = <.o1) though the difference be- 
tween them in their proportions of compensating and non-compensating 
pairs is not significant (P = >.5). 

On the assumptions of the preceding paragraph the statement which 
has been made on the basis of the differences in length of type a and b 
configurations, that chromatid interference differs in different length 
classes, can be extended to a statement that a decrease in chiasma fre- 
quency decreases the amount of negative chromatid interference. Com- 
paring slides 1 and 2 with 3 and 4 there is a drop of type a from 122 to 68, 
a change only from 77 to 67 in type b, while types c and d together in- 
crease from 16 to 34. In other words, on these assumptions slides 1 and 2 
have two-, three- and four-strand doubles in a ratio of 122:77:16 while 
in slides 3 and 4 it is 68:67:34; the difference being highly significant. 


CONCLUSIONS 


We conclude that chromatid interference occurs but that it is not simply 
a matter of a “force” which influences the chance which a particular 
strand has of being involved in both of two successive chiasmata or cross- 
overs. Rather one may think of the proportion of two-, three-, and four- 
strand doubles as being determined by the complexity of the various con- 
figurations from which each can arise. The complexity is related to chiasma 
frequency, type frequency and interstitial length. The simplest con- 
figurations are those most frequently produced, and the shorter the dis- 
tance between two chiasmata the greater the relative frequency of the 
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simpler types. There are thus certain variables regularly associated with 
the cytological types of chiasma pairs and therefore with the genetic types 
to which these contribute. 

Both chiasma and chromatid interference appear to be integral and 
correlated parts of a complex process as yet inadequately analysed. The 
data provide positive evidence on points not previously considered in 
either cytological or genetical analyses, and show the inadequacy or error 
of existing theories on the mechanism of crossing-over. They indicate that 
further studies are needed on Neurospora and other such genetic materials 
and on attached-X Drosophila, with more numerous and better dis- 
tributed markers. If crossing-over is a more complex process than has 
previously been recognized, it follows that restricted hypotheses that aid 
in the elucidation of specific parts of the problem are necessary, but that 
any attempt to formulate a general hypothesis to explain the mechanism 
must be highly speculative until more detailed knowledge of its results 
is available. We have not therefore presented here in detail all the various 
analyses that have been made of the data in terms of existing theories of 
crossing-over or of adaptations and modifications of them that have been 
devised in the course of the work. 
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SUMMARY 


In preparations of pollen mother cells of Trillium erectum in which it 
is possible to trace the spatial relationships of all four chromatids of the 
first meiotic metaphase bivalents, chiasmata have been analysed in 48 
complete cells (240 bivalent chromosomes). Eight distinct types (a—h) 
of pairs of chiasmata were found. Movements of chromosome ends and 
differences in the angle of vision may produce as many as eight (1-8) one- 
plane representations of each of these types—apart from mirror images. 

Where mirror mages are distinguishable (in types b, c, e, f, g, and h) 
there are 106 of one and 78 of the other. 

The simplest types of chiasma pairs, whether complexity is judged by 
number of chromatid overlaps or “changes of level,” are produced most 
frequently and there is a general inverse relationship between complexity 
and frequency. 

Mean distance between chiasmata taken in pairs varies with com- 
plexity. 
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The length-complexity relationship is consistent in preparations vary- 
ing in chiasma frequency. High chiasma frequency and consequent short 
mean interstitial length is correlated with higher proportion of the simpler 
types of chiasma pairs. 

Compensating pairs of chiasmata are greatly in excess in both high and 
low chiasma frequency preparations and a 2:1 ratio had previously been 
found in Melanoplus. 

Chiasma pairs across the attachment appear to show an excess of the 
non-compensating type but the number is too small to determine whether 
the proportion deviates significantly from randomness or from that ob- 
served in the arms. 

Genetic analyses of Drosophila have been interpreted as showing that 
“the chromatids that cross over at one level do not determine which ones 
cross over at other levels.” Neurospora genetic data show chromatid inter- 
ference. Reanalysis of certain published Drosophila data indicates that in 
it there may be a length-complexity relationship which has not previously 
been considered. Non-compensating pairs of chiasmata represent three- 
strand double crossovers on any interpretation of the chiasmatype theory. 
Assuming only that chiasmata represent crossovers, the deficiency of non- 
compensating pairs indicates that in Trillium and Melanoplus some form 
of chromatid interference occurs in crossing-over. 

Out of a total of 508 pairs of chiasmata 117 could not be classified. It is 
shown that the unclassified pairs may possibly contain somewhat more 
non-compensating than compensating types, but there is nothing to sug- 
gest that there is any great excess of the former. 

Whatever the constitution of the unclassified group, the main con- 
clusions are unaltered. They are that compensating pairs of chiasmata 
are more numerous than non-compensating, that interstitial length and 
complexity of strand relationships in a pair of chiasmata vary together 
and are inversely related to the frequency with which a type of chiasma 
pair occurs. It follows that there must be some form of “chromatid inter- 
ference” in chiasma formation. This cytologically determined interference 
cannot be described in such simple terms as negative or positive chromatid 
interference, which have been used to describe differences in the propor- 
tion of genetic types. That these are in any case arbitrary terms from the 
cytological point of view is clear from the fact that the genetic types are 
of mixed origin from different kinds of chiasma pairs. There is no cyto- 
logical evidence for chromatid interference between successive chiasmata 
which are widely separated; chromatid interference like chiasma inter- 
ference is therefore a function of distance and of chiasma frequency. 
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INTRODUCTION 


T has been shown by BELLING (1929), DARLINGTON (1930), and others 

that the chiasmata in certain cytological configurations must have 
been accompanied by genetic crossing-over. However, it is not yet fully 
established that all chiasmata represent crossovers. To demonstrate the 
complete concomitance of chiasma formation and crossing-over it is neces- 
sary to show them to be similar in as many different ways and under as 
many different conditions as possible. 

It has been shown that chiasma formation and crossing-over may be 
similarly affected by environmental factors both internal and external. 
For reviews see DARLINGTON (1937) and MATHER (1938). Further, Hat- 
DANE (1931) has shown that interference similar in one respect to that 
between crossovers occurs also between chiasmata. He found that variabil- 
ity in the number of chiasmata per bivalent is less than would be expected 
were chiasmata independent of one another in their formation. However, 
a detailed analysis of cytological interference can be made only by dividing 
the chromosomes into regions similar to those separated by genetic markers 
and recording accurately the positions of individual chiasmata in these 
regions. This was not possible with the observational data used by Haldane. 

Such a study has been carried out with Trillium erectum on preparations 
which show clearly the space relationships of the four chromatids in each 
bivalent (HusKINs and NewcomBE 1941). Further, this material has (1) 
long chromosomes, (2) a relatively high chiasma frequency, (3) only five 
bivalents, each of which may be identified by its length and the position 
of its attachment region, and (4) no indication of terminalization or other 
movement of chiasmata during prophase (although the possibility that 
minor changes in position do occur cannot be entirely ignored). 


MATERIALS AND METHODS 


The preparations were those used by Huskins and NEWCcoMBE (1941). 
In this material coiling is reduced, and the chromatids are clearly dif- 
ferentiated. This latter is particularly important, since in ordinary bulk- 
stained preparations it is often impossible to determine whether a region 
of contact between homologous chromosomes represents one or two chias- 
mata. In studying interference it is, of course, of the utmost importance 


1 Nationa] Research Council of Canada Scholar 1938-39. 
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that when two chiasmata occur close together they shall not be mistaken 
for a single chiasma. 

In order to obtain values of chiasma coincidence in Trillium, each 
chromosome of the complement was divided into a definite number of sec- 
tions equal to approximately one micron. The sub-terminally-attached A 
chromosome, for instance, varies in length in different cells and prepara- 
tions from 10 to 17. Since the average length was 12.2u in our material, 
each individual A chromosome was divided into twelve equal regions re- 
gardless of its length. In a chromosome of average length each region 
would be 1.024 long. Each arm of the four remaining chromosomes, all 
of which have median or sub-median attachments, was treated in a similar 
manner. Thus the attachment was made to separate two regions rather 
than to occur within one of them. 

It has thus been possible to divide the Trillium chromosomes into a 
large number of regions: from 12 in the A chromosome to 21 in the E 
chromosome. This is a much greater number than can be marked geneti- 
cally in Drosophila. In a general sense then, the positions of all the chias- 
mata occurring in a particular bivalent have been located more accurately 
than can all the crossovers occurring in an individual chromosome of any 
genetic experiment. In other respects there are certain limitations to a 
cytological study of crossing-over (cf. Huskins and NEWCOMBE 1941). 

The formula used for calculating coincidence was: coincidence = xn/ab 
in which x is the number of double chiasmata, n is the total number of 
pairs of regions observed, and a and b are the numbers of chiasmata in the 
first and second regions, respectively, including those occurring simultane- 
ously in both. The suggestions of STEVENS (1936) regarding the use of this 
formula for non-adjacent regions were adopted. 

The comparisons between the coincidence values obtained from different 
chromosomes, or different parts of the same chromosome, are not subject 
to errors resulting from differences in the distances separating crossovers. 
This is a difficulty in genetic experiments, since coincidence varies with 
distance, and it is not possible to space marker genes to provide a large 
number of regions of equal genetic or cytological length. 

Twelve cells were analyzed from each of four preparations; in these 48 
cells only two bivalents (two C bivalents in slides 1 and 2) could not be 
interpreted. These are omitted from all calculations, and this omission is 
responsible for the slight differences which may be noted in the tables be- 
tween the values of n for the two sets of slides. 

Slides 1 and 2 had a higher chiasma frequency (21.3 and 23.0 chiasmata 
per cell, respectively) and slides 3 and 4 a lower chiasma frequency (14.3 
and 17.4 chiasmata per cell, respectively). The data from the two pairs of 
slides were analyzed separately throughout the study. 
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OBSERVATIONS 


The frequencies of chiasma formation for the various regions are given 
in table 1. Coincidence values were first calculated for adjacent regions of 
one micron. There is a high frequency of chiasma formation close to the 
attachment, and a considerable number of data may be obtained from the 
two regions adjacent to it in any one of the four bivalents having median 


TABLE I 


Distribution of chiasmata in the five bivalents of Trillium. 








CHROMO- NUMBER OF REGIONS* OF THE LEFT ARM REGIONS OF THE RIGHT ARM 

SOME  BIVALENTS ATTACH- 

SLIDES EXAMINED 10 9 8 7 65 4 s ¥ I MENT : ££ S 2 5 67 8 9 10 Ir 12 
A (1+2) 24 mss 8s 4 € 6 oe 2 2 2 8 
A (3+4) 24 oe 2 Me ie Ae et ee a ee ee 
B (1+2) 24 4 2 2 36 WES 6 & Fe SS 
B (3+4) 24 I 20 7 7354 8 2 7 ¥ 3 6 3 
C (1+2) 22 : $s @ 6 €5 6&6 4 4 («6S 
C (3+4) 24 6 2 23 & as ¢ f¢ 8 3 =: 2 
D (1+2) 24 zr 762 12 6 19 24 6 8 9 12 10 8 6 
D (3+4) 24 s6¢s 454 8 mt 2. & 2 2S 2 
E (1+2) 24 ‘cs & 8.22 Io 19 mea Ss 2S OE BS 
E (3+4) 24 763%744 40 9 “4.94 ©& 38 TY 8 82 2 2 


* The divisions used were obtained by dividing the arms of each of the five bivalents into a given number of regions 
in such a manner that in an arm of average length these would be as close as possible to one micron. 
or sub-median attachments. Within the arms, where the chiasma frequency 
is much lower, it is necessary to combine all the data from a comparison of 
each region with its neighbor in order to get an estimate of coincidence for 
that arm. Differences in chiasma frequency in different parts of the arm 
would in themselves make this estimate somewhat higher than the average 
of the coincidence values from each pair of regions were sufficient data 
available to calculate them individually. The discrepancy, however, affects 
the usefulness of these values in only one of the comparisons made. This 
will be considered in the discussion. 

The data and coincidence values obtained from adjacent regions across 
the attachments are given in table 2 and the statistical analysis in table 3. 
In all bivalents coincidence across the attachment is greater than unity, 
and it is significantly greater in the data from slides 3 and 4 and in the 
combined data from all slides. 

Coincidence across the attachment is greater in slides 3 and 4 (which 
have a lower chiasma frequency) than in slides 1 and 2. This difference is 
just significant, however: P =.05 —.02. 

There is no indication of any difference between the attachments of 
bivalents B, C, D, and E with regard to the coincidence values across each. 
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Coincidence values between adjacent one micron regions not separated 
by the attachment are given in table 4, and the statistical analysis in 
table 5. Contrary to the behavior of coincidence across the attachment, 
this is greater in slides 1 and 2 (which have a higher chiasma frequency) 


TABLE 2 


Chiasma data and coincidence values for adjacent one micron regions 
separated by the attachment.* 


CHROMOSOME a b x n c Vic) x? 


Slides 1 & 2 


B 16 18 14 24 1.167 0.012 2.286 
3: 15 16 12 22 1.100 0.O1! 0.949 
D 19 24 19 24 - — — 
I 19 23 19 24 1.043 0.002 1.000 
Weighted mean 1.005 ©.001 3.025 





Slides 3 & 4 


B 7 11 6 24 1.870 0.165 4.598 
5 14 12 9 24 1.286 0.036 2.263 
D 15 14 II 24 1.257 0.025 2.610 
E 19 14 13 24 r.293 0.012 2.431 
Weighted mean 1.242 0.006 9.076 


*a & b are the numbers of chiasmata in the two regions compared respectively, and include 
those occurring simultaneously in both regions; x is the number of double chiasmata in the two 
regions; n is the total number of observations; c is the coincidence; V(c) is the variance of the 
coincidence (from formula given by Stevens 1936); x? is calculated for the deviation from unity. 
Deviation of c from its expectation squared, divided by the variance is distributed approxi- 
mately as a x? for one degree of freedom. If in the calculation of the variance c had been placed 
equal to its expected value of one, this quantity would be a perfect x?. The discrepancy involved 
in the above calculation, however, is not likely to cause serious misjudgment. 


TABLE 3 


Analysis of coincidence across attachment. 





D.F. x? P 
Deviation from unity I 8.137 <.o1 
Heterogeneity between Slides 1 & 2 and 3 & 4 I 3.964 .05— .02 
Heterogeneity within Slides 1 & 2 and 3 & 4 5 4.056 -70—.50 
Total 7 16.157 


than in slides 3 and 4. The difference in this case is not statistically sig- 
nificant, however: P =.10—.05. 

A test was made to determine the change in coincidence when the regions 
compared were separated by from zero to six other regions. Data from all 
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the chromosome arms were combined, and slides 1 and 2 and 3 and 4 
were treated separately. It may be seen from table 6 that, in general, 
coincidence is greater when the regions are more widely separated. Statis- 


TABLE 4 


Chiasma data and coincidence values for adjacent one micron regions 
not separated by the attachment. 











CHROMOSOME a b x n c Vic) 





High chiasma frequency Slides 1 & 2 























A 56 51 4 264 0.370 0.029 
B (1) 7 19 ° 72 -= — 
1a) 77 66 17 216 0.723 0.017 
C (1) 12 26 3 88 0.846 0.157 
(r) 44 36 8 132 0.667 0.034 
D (I) 34 52 8 144 0.645 0.033 
(r) 77 59 17 168 0.628 0.012 
E (I) 35 49 6 216 0.756 0.069 
(r) 75 59 8 240 0.433 0.018 
Low chiasma frequency Slides 3 & 4 
A 42 45 ° 264 — — 
B (I) 3 9 ° 72 — — 
(r) 49 41 4 216 0.430 0.038 
C () 12 20 ° 96 _ —_— 
(r) 29 19 ° 144 — — 
D (1) 25 37 3 144 0.467 0.058 
(r) 39 29 2 168 0.297 0.039 
E (1) 45 57 5 216 0.421 0.028 
(r) 54 51 6 240 0.523 0.035 
TABLE 5 
Analysis of coincidence between adjacent regions within the arms. 
DF x? P 
Heterogeneity between slides 1 & 2 and 3 & 4 I 2.754 -10— .05 
Heterogeneity within slides 1 & 2 and 3 & 4 II 6.076 .go— .80 
Total 12 8.830 





tically significant indications of interference are found when the regions 
are separated by as much as two microns. When farther apart, coincidence 
does not differ significantly from unity. 
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DISCUSSION 


Evidence that coincidence across the attachment may exceed unity is 
found in the genetic data from chromosome III of Drosophila melanogaster 
and chromosome I of Neurospora crassa. KIKKAWA (1935) has calculated 
coincidence from the relevant Drosophila data of BRIpces and MorGAN 
(1923), MULLER (1925), BRIDGES (1929), and REDFIELD (1930). The one 
group of these data which gives a coincidence value significantly greater 
than one is included in table 7 together with its x”. Also, coincidence values 
have been calculated by the author from the Neurospora data of LINDE- 
GREN and LINDEGREN (1937) and are given in table 7 together with the 
x?’s for their deviations from one. 


TABLE 6 


Coincidence when regions within arms are separated by different distances. 
(Stevens’ (1936) formula used.) 








DISTANCE 
BETWEEN a b x n c Vic) x? 
REGIONS 





Slides 1 and 2 


Ou 417 417 71 1540 0.629 .0038 36.657 
Ip 372 371 905 1328 0.914 .0048 0.838 
Qu 333 337 84 1116 0.835 .0046 5.946 
3h 284 279 81 904 0.924 .0053 I.OQI 
4u 236 205 77 716 1.140 -0073 2.651 
Su 176 153 50 550 1.021 -OI101 0.045 
6u 124 95 35 384 1.141 .0173 1.146 
Slides 3 and 4 
Ou 298 308 20 1560 0.340 .0050 87.296 
Ip 271 268 44 1344 0.814 -O105 3-300 
2u 235 244 52 1128 1.023 .O124 0.043 
3h 204 207 48 gI2 1.037 .0132 0.102 
4h 167 149 33 720 0.954 .O172 0.118 
Su 139 124 26 552 0.833 .o169 1.725 
Ou 99 82 19 384 0.899 .0262 0.392 





Note: x? is calculated for the deviation from unity (see footnote, table 2). 


The Neurospora data need a note of explanation: It has been suggested 
that if the two center nuclei were occasionally to exchange places, following 
the second meiotic division, the effect would be indistinguishable from that 
of simultaneous crossing over on both sides of the attachment when this 
is used as a marker. Such a slipping of the nuclei, if it occurred, would 
therefore tend to increase the coincidence between the g attachment and 
attachment c regions. When region + g is compared with region attach- 
ment ¢, any such spurious crossovers in the latter would be independent of 
true crossovers in the former and would tend to make the coincidence 
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nearer unity than it would otherwise be. When regions + g and c p are 
compared, slipping of the nuclei could not affect the coincidence, since the 
attachment is not used as a marker. In all of these three comparisons 
coincidence is greater than one, and the degree of statistical significance is 
extremely high. It is of interest to note that the accuracy of scoring is in- 
creased in Neurospora by the facts (a) that each of the four products of 
meiosis is represented by two identical nuclei which may be used as checks 
on each other, and (b) that in an ascus from a heterozygote the two al- 
lelemorphs must each occur twice in the four products of meiosis. 


TABLE 7 
Crossover and chiasma coincidence across the attachment in 
Drosophila and Neurospora. 


REGIONS a b x n ¢ Vic) x? P 





Drosophila (chromosome ITT) 
D—pP—-e® 88 430 29 2191 1.679 0.062 7.480 <.o1 





Neurospora (chromosome I) 


+ -—g-—sfa 40 30 6 422 2.110 0.516 2.386 

g—sfa—c 30 32 II 422 4.835 1.096 13.422 <.001 
sfa—c—p 32 82 8 422 1.287 O.141 0.582 

+—g, sfa—c 40 32 II 422 3.627 0.651 10.602 -OOI 
g—sfa,c—p 30 82 5 422 0.858 0.115 0.176 
+—g,c—p 40 32 28 422 3.602 ° 








.172 39.467. -very small 


Note: sfa denotes the spindle fiber attachment, which has been used as a marker. 
a, b, x, n, c, and V(c) are as in the other tables except that for the Drosophila data they are in 
terms of crossovers and chromatids, whereas for the Neurospora data they are, as for Trillium, 
in terms of chiasmata and bivalents. x? is calculated for the deviation from unity (see footnote, 
table 2). The Drosophila data are from BrrpGEs and MorGaAN 1923, p. 129, table 87; the Neuro- 
spora data are from LINDEGREN and LINDEGREN 1937, p. 109, table 2. 

It should be noted that Diachaete is associated with an inversion which might affect both the 
pairing relationships and the recoverable crossovers. 


We may therefore say that genetic data agree with the cytological ob- 
servations in Trillium that coincidence across the attachment can be 
greater than one. This implies a certain heterogeneity in the data, the 
biological cause of which is not known. K1KKAWA (1935) has suggested that 
it is the result of variability in pairing, and although this is a difficult 
hypothesis to test, it at least provides a mechanism which explains the data 
and which is easy to visualize. 

It is interesting to note that the slides having the higher chiasma fre- 
quency and an average of 72.2 percent chiasma formation in the regions 
adjacent to the attachment (as compared to 51.4 percent in the lower 
chiasma frequency material) appear to have a lower coincidence across 
the attachment. Thus, in Trillium the greater the regularity with which 
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chiasmata are formed in these regions, the less evidence there is of hetero- 
geneity. In the arms no such relationship is observed, but in this case 
there are three possible variables indistinguishable from one another which 
would affect the coincidence. These are: (1) heterogeneity within the re- 
gions compared, (2) heterogeneity between the regions of an arm which 
have been grouped to give an estimate of coincidence for that arm, and 
(3) interference. The first two would, of course, tend to increase the co- 
incidence value and the third to decrease it. 

As in Drosophila, interference disappears as the distance between the 
regions is increased. In Trillium statistically significant evidence of inter- 
ference is found when the regions are separated by as much as two microns. 
This is a minimum estimate of the distarice over which interference can 
act, since it may be effective at greater distances but be obscured by hetero- 
geneity both within and between the regions grouped to give these esti- 
mates. That there is no significant deviation of coincidence from unity 
when the distance between the regions is great, is in agreement with 
STEVENS’ (1936) interpretation of WEINSTEIN’s (1918) Drosophila data. 

In making this comparison of cytological with genetic coincidence, it has 
been assumed that chiasma movement and loss prior to the time of ob- 
servation is negligible. A similar assumption is involved in the analysis of 
HALDANE (1931), who noted that reduction of chiasma frequency through 
terminalization could effect a reduction in variance, from which he deter- 
mined the existence of cytological interference. He considered, however, 
that “this would hardly account for the very small variance found.” There 
is no indication of chiasma movement in Trillium. Evidence that there is 
no movement is found in the analysis of MATHER (1940) and in the 
observation that different types of chiasma pairs observed by HusKINS 
and NEWCOMBE (1941) tend to be of different lengths, whereas were there 
an appreciable rearrangement due to repulsion between chiasmata, all 
the simpler types would tend to be of the same length. 
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SUMMARY 


A detailed study of interference (and coincidence) between chiasmata 
has been made in Trillium erectum. 

Chiasma coincidence is found to be significantly greater than unity 
across the attachment; published genetic data are analysed showing that 
this is also the case in the third chromosome of Drosophila and the first 
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chromosome of Neurospora. This is assumed to be the result of hetero- 
geneity, the biological cause of which is not clearly indicated. 

An increase in total chiasma frequency appears to be accompanied by 
increased coincidence within the arms and decreased coincidence across 
the attachment, although the observed differences are not quite within 
the limits of statistical significance. 

Coincidence within the arms increases with the distance between chi- 
asmata and, as reported in Drosophila, reaches a value not differing signifi- 
cantly from unity. 

The observed similarities to genetic data on interference add further 
evidence favouring the assumption that all chiasmata are concomitants of 
crossing over. 
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Atwoop, SANForD S., U. S. Regional Pasture Research Laboratory, State 
College, Pa.: Cytogenetic basis of self-compatibility in Trifolium repens. 
When 615 plants, selected at random from approximately 10,000, were self- 
pollinated under bags in the field in 1938, only one plant set seeds averaging 
over 100 per head. Except for descendants from this plant, no other has since 
shown a similar self-compatibility, whereas this high seed-set was duplicated 
on clones from the original plant by (1) different techniques of selfing in the 
greenhouse, (2) rubbing under bags in the field, and (3) bee pollination under 
a cage in the field. This plant was crossed with a self-incompatible individual, 
and 14 selected F, plants were diallely intercrossed and backcrossed to both 
parents in the greenhouse. Two intra-sterile, inter-fertile groups of five and 
six F, plants, respectively, were found, and these 11 plants were reciprocally 
compatible with both parents. The other three F; plants were cross-compatible 
with both of these groups, with both parents, and with each other. When the 
entire F, of 21 plants was selfed in the field, 16 ranged from almost complete 
self-incompatibility to moderate pseudo-self-compatibility, while the other five 
were highly self-compatible. Among these latter were the three which were 
cross-compatible with all others in the greenhouse. Also there have been selfed 
in the field 112 first-generation inbreds from the self-compatible parent; most 
of them were highly self-compatible, but a few were self-incompatible, and 
several had low pseudo-self-compatibility. It is postulated that both the self- 
compatible parent and F, plants were heterozygous for a self-compatibility 
factor which is a member of the multiple-allelic series conditioning self- and 
cross-incompatibility. 





Barrows, FLORENCE L., Stafford Springs, Conn.: Inheritance in Cucurbita 
pollen. Pure lines of Cucurbita Pepo L. have constant and inherited differ- 
ences in pollen pattern. Sharp spined types are dominant to blunt surface 
spines. Surface and cap spines seem to be inherited independently. Incomplete 
F, data suggest more than a single factor difference. 





BERGER, C. A., Fordham University, New York, N. Y.: A new criterion of the 
degree of polyploidy of “resting” nuclei. In the periblem of the root tips of 
Spinacia, diploid, tetraploid and octoploid cells are regularly found. One of 
the six haploid chromosomes of Spinacia has an heteropycnotic satellite. In 
diploid resting cells the satellites can be seen as two small chromatic bodies in 
contact with the nucleolus. From each satellite a single or double chromatic 
thread passes through the clear perinucleolar region and joins the chromatic 
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“reticulum” lying near the surface of the nucleus. In the zone of the root where 
tetraploid and octoploid cells are found the resting nuclei of these larger cells 
show four or eight satellites attached to one large nucleolus or distributed 
evenly among from two to eight smaller nucleoli in the process of fusion. At 
times the satellites are not in immediate contact with the nucleolus but lie 
near the edge of the surrounding clear region and are connected with the 
nucleolus by a single or double strand, the secondary constriction of the SAT- 
chromosom. In favorable cases counting the number of heteropycnotic sat- 
ellites in the resting nucleus yields as certain information regarding the degree 
of polyploidy as is obtained by counting chromosomes at metaphase. 


BERGNER, A. D., BLAKESLEE, A. F., and Avery, A. G., Carnegie Institution 
of Washington, Cold Spring Harbor, N. Y.: Distribution of prime types in nine 
species of Datura.——For each species one race was selected as a tester race 
and other races of this species crossed with it. Races like the tester give hybrids 
with 12 bivalents at first metaphase. Races with interchanged chromosomes 
show associations of four or more chromosomes in the hybrid. Each different 
type is called a prime type (PT). Among 680 races of Datura stramonium, only 
five main PT’s were found. D. ferox had two PT’s among 15 races and D. 
quercifolia had two among eleven races. All four races of D. discolor are like 
the tester. D. Leichhardtii had two PT’s among seven races. Only one race 
each in D. pruinosa and D. ceratocaula was examined. D. meteloides had three 
PT’s among 26 races and D. innoxia had three among 40 races. D. metel had 
six PT’s among 48 races. Therefore, PT’s are to be found in at least seven of 
the ten herbaceous species of Datura. Identification of the ends of the inter- 
changed chromosomes in the PT’s of the nine species other than stramonium 
must be made in terms of PT 1 of stramonium. To date both of the PT’s of 
ferox and quercifolia (which are closely related to stramonium), the PT of 
discolor and one of the PT’s of Leichhardtii have been identified. Almost com- 
pleted are the second PT of Leitchhardtii and the PT of pruinosa. Species not 
crossing directly with stramonium are being studied through an intermediary 
species which does cross with both stramonium and the other species. 


Briarr, W. FRANK, University of Michigan, Ann Arbor, Mich.: Extremes 
of color variation in a stock of the Chihuahua deer-mouse from one locality in 
southern New Mexico. In the Tularosa basin of southern New Mexico the 
Chihuahua deer-mouse (Peromyscus maniculatus blandus) occurs in two color 
phases, buff and gray, the gray being recessive. In addition, various modifying 
factors affecting the shade of color are present in the wild population. After 
three to four generations of selective breeding in the laboratory, dark buff, 
light buff, dark gray, and light gray strains are obtained that approximate 
superficially the color extremes shown by the other subspecies of the same 
species in other, widely separated, parts of North America. 


BLAKESLEE, A. F., and Avery, A. G., Carnegie Institution of Washington, 
Cold Spring Harbor, N. Y.: Classification and location of genes in Datura. 























ABSTRACTS 139 


——A total of 460 genes have been recorded for Datura stramonium. They 
have come from races in nature, from rare spontaneous mutations, from hy- 
brids with other species, from aged seed, and from treatment with heat, ra- 
dium, radium emanation, and X-rays. A total of 72 have so far been located 
in particular chromosomes and 36 of these have been placed in a particular 
half chromosome. Genes have been located in all the 12 chromosomes, the 
smallest number being 3 in the 7-8 chromosome and the largest number 9g in 
the 11-12 chromosome. The following five methods have been used in locating 
genes in a particular chromosome: 1, linkage with other genes of known posi- 
tion; 2, linkage with pollen abortion (pa) genes; 3, linkage with certain prime 
types which show a definite proportion of aborted pollen when heterozygous; 
4, linkage with compensating types; 5, trisomic ratios from primaries (2n+]), 
from secondaries (2n+II), and from tertiaries (2n+III). For locating genes 
in a particular chromosome the preferred method is that of trisomic ratios 
from primary 2n+1 types. Secondary and tertiary 2n+1 types are used to 
locate genes in specific halves of chromosomes. For locating genes in relative 
position within a given chromosome the preferred method is that of pollen 
abortion genes. A pollen abortion gene (pa) causes abortion of the pollen grain 
which carries it; hence the pa gene cannot be transmitted through the pollen. 
In consequence if a plant heterozygous for pa and a “visible” recessive is male 
backcrossed to the recessive, all the offspring will be recessives except for 
crossing over. So far there are 11 pa genes located in 8 chromosomes. 


Banc, R., University of California, Berkeley, Calif.: Histolytic action of 
vestigial alleles in Drosophila melanogaster. GoLpscuMipT has described 
grades of scalloping in the vestigial series in Drosophila melanogaster as due 
to a histolytic process which has its inception at different times in development, 
histolysis commencing earlier in the more extreme grades. Thus vg”’/vg wings 
are already distinctly scalloped in the inflated bag stage of the wing at 12 
hours of pupal age, while 2g’ wings still appear to be normal in shape. Recently 
WADDINGTON, criticizing this conclusion, has stated that vg” wings are already 
notched at this point but are blown into an apparently normal shape due to the 
extreme inflation of this stage. If WADDINGTON is correct, notching should be 
visible at an earlier uninflated stage. However, examination of vg"° wings at 
6 hours of pupal age (i.e., in the prepupal stage) has shown a normal appear- 
ance with distal marginal epithelium and submarginal lacuna intact. Notching 
of the developing wing destroys the marginal epithelium and obliterates the 
submarginal lacuna, as may be seen in vg"’/vg wings at this stage, as well as 
in vg”® wings after 19-20 hours of pupal age, when notching begins in this slight 
grade. Study of an intermediate grade, vg"’/vg"”, has shown an intermediate 
condition varying from normal to slight notch at 6-12 hours. Not only is 
histolysis still the simplest and most reasonable explanation of the phenome- 
non of wing scalloping in Drosophila, but it is quite compatible with the data 
on resorption of pupal wings advanced by KerLIn for Belgica antarctica, by 
Hopkins for Pryxia scabiei, by StANGE for Melophagus, and others. 
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Brianc, R., and VittEE, C., University of California, Berkeley, Calif.: 
Differential reactions of various scute stocks of Drosophila melanogaster to X-ra- 
diation. In a preliminary investigation of the phenotypic effects of X-rays 
on the bristles of different stocks of Drosophila melanogaster, different mem- 
bers of the scute series, sc, sc®, sc®, and sc’®, a wild type, Canton S, and various 
compounds of these were subjected, while prepupae, to 2115 r units of X-radi- 
ation. Experimental and control flies were left to hatch in Petri dishes on moist 
filter paper at 25°C. The imagines were recorded for bristle effects. A total of 
1659 experimental and 1363 control flies were examined. The bristle effects 
produced were chiefly complete absence or great reduction in size, although a 
few bent, curved, or doubled bristles occurred. The percentages of the different 
bristles affected in the various stocks were compared using the effect in Canton 
S as a “norm.” It was found that the effects of X-rays on the bristles differed 
in the various stocks used, so that in each case a pattern of X-ray effects 
specific for the stock was superimposed on the bristle pattern characteristic 
for that stock under control conditions. It was found that those bristles affected 
by the scute genotype under control conditions are more likely to be affected 
by X-radiation than those not. In other words, the combined effect of genotype 
and X-radiation is greater than would be expected on the basis of simple 
summation. This suggests that X-radiation and the scute genotype affect the 
same or closely integrated processes. 





BootHroyD, E. Rocer, McGill University, Montreal, Canada: The inter- 
locking of non-homologous bivalents in Trillium erectum L. Locked and inter- 
locked bivalents were studied at diplotene, diakinesis and metaphase. Locked 
bivalents may be defined as those in which both chromosomes of one bivalent 
pass between those of the other bivalent; interlocked, as those in which one 
chromosome of each bivalent passes between the chromosomes of the other. 
These two types occurred with equal frequency, indicating randomness of 
formation. One clear case of chromatid interlocking and one of double inter- 
locking around a chiasma were found. In both cases all the chromatids could 
be traced. Interlocked bivalents were found in from 18 to 54 percent of the 
pollen mother-cells. No correlation was found between the frequency of inter- 
locking and the temperature at which meiosis occurred. The ratio of the fre- 
quencies with which the individual bivalents are involved in interlocking is 
not proportional to the total length of the bivalents, but is proportional to the 
length of the chromosome arms minus a minimum length. This suggests that 
pairing is initiated at the attachment. Interlocking was found in all internodes 
of the bivalents, but was most frequent in the most distal. No clear correlation 
was found between chiasma frequency and the percentage of pollen mother- 
cells containing interlocked bivalents. 





BowDEN, Wray M., The Blandy Experimental Farm, University of Vir- 
ginia, Boyce, Va.: Chromosome studies in tropical, subtropical, and temperate 
This paper is 





zone plants with reference to polyploidy and winter hardiness. 
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a continuation of the study described in the June issue of the American Journal 
of Botany (BOWDEN 1940). The chromosome complements of some two hun- 
dred species and varieties of higher plants have been recorded by camera 
lucida drawings. From available data, it is concluded that an increase in 
chromosome number does not mean an increase in winter hardiness since 
tetraploid species are either more hardy, less hardy, or of the same degree of 
hardiness compared with related diploid species. Within diploid groups of 
species, wide ranges of resistance to cold are found. In several cases, the 
northernmost temperate species of a tropical-subtropical family proved to be 
diploid. Variation in degree of hardiness is primarily associated with genic 
differences, but may be secondarily affected by chromosome doubling. Genic 
mutation and hybridization are thought to bring about most of the variations 
in degree of resistance to cold. 


BREHME, KATHERINE S., Carnegie Institution of Washington, Cold Spring 
Harbor, N. Y.: Time relations during development of Minute larvae in Droso- 
phila melanogaster. Minute stocks differing in length of the larval period 
have been compared with respect to the time of occurrence of the physiological 
events of the larva. Isogenic stocks were used of Mw/ca and MFla/ca on a 
background of Florida wild type, and of MP/lt and Mn/car on Oregon-R-C. 
Larvae were classified by Malpighian tube color. At 25°C, Mw and MFla 
females form puparia at 129 hours from hatching, about 41 hours later than 
their wild type siblings; M?, 13 hours later than wild type; and Mn, 44 hours 
later. The 70-hour change occurs 14 hours later in Mw than in the controls, 
6 hours later in MP and more than 20 hours later in Mn. The second moult 
occurs 3 hours later in Mw and M Fla than in the controls, in Mn 14 hours 
later, while in M?* there is no significant delay. The first moult is delayed one 
hour in Mw and MFia; there is no significant delay in MP; data for Mn were 
not obtainable because of difficulty of classification. There was no difference 
in hatching time. The disproportionately great delay in second moult and 
70-hour change of Mn in relation to pupation time and to the occurrence of 
these events in the other Minutes suggests that the prolonged development of 
Minute larvae is referrable to a qualitative difference from development of the 
wild type, rather than to a simple slowing down of developmental processes. 





BRITTINGHAM, Ws. H., U. S. Regional Pasture Research Laboratory, State 
College, Pa., and The University of Maryland, College Park, Md.: Am arti- 
ficially produced hybrid between Poa compressa L. and P. pratensis L. A 
hybrid plant was obtained between Canada Bluegrass female and Kentucky 
Bluegrass male. The hybrid is not as stemmy as either parent, its leaves are a 
rich, dark green and are intermediate in length and width. The hybrid pro- 
duces fewer panicles but these are larger and heavier, the spikelets are con- 
siderably larger, and seed, which are produced well both under bag and on 
open pollination, are larger and about 45 percent heavier than seed of the 
parents. Preliminary tests indicate a lower germination rate for the hybrid 
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seed, 58 percent as compared with 78 percent and 84 percent. The flowering 
date for the hybrid falls between the respective dates for Kentucky Bluegrass 
and Canada Bluegrass. Pollen of the hybrid is less normal in appearance than 
that of the parents and differs significantly in size; mean diameters in microns 
are: Canada 27.04+.28, Kentucky 25.56+.23, and the hybrid 29.72+.50. 
Chromosome counts of the parents and their hybrid show in the Poa compressa 
female parent 2n=42, in the Poa pratensis pollen parent 2n=56, and in the 
hybrid 2n= +72. The data are consistent with the assumption that the hybrid 
between these species has resulted from the union of an unreduced cell of 
compressa and an approximately reduced pollen grain of pratensis. 


BRUCKNER, J. H., Cornell University, Ithaca, N. Y.: Inheritance of plumage 
color in Phasianus colchicus. Skins are shown which demonstrate five aber- 
rant plumage colors of P. colchicus (true pheasant) and hybrids between them. 
A study of the inheritance of these five characters shows that three are auto- 
somal, unifactorial and recessive (white, pied, cream); one is autosomal and 
incompletely dominant (melanism); and the fifth is sex-linked, unifactorial and 
recessive (dilute). The last named is the first case of sex-linkage reported in 
this species. No autosomal linkage groups are known. The phenotypic effects 
of dilute and cream are similar but these two mutations can be readily dis- 
tinguished from each other in both sexes. Males homozygous for cream are 
markedly affected, the females less so. This is reversed in birds carrying dilu- 
tion. Birds carrying the dominant gene for melanism and homozygous or 
hemizygous for dilute are easily distinguished from those not carrying mel- 
anism, but dilution of pigment is evident. One object of this investigation was 
to study comparative genetics in this species and in the domestic fowl, both 
being members of the same sub-family. While a number of mutant plumage 
colors of the two species are similar, their expression seems to differ in most 
cases. Thus, while there is a recessive white in each species, in the pheasant the 
pigment in shanks, beak and eyes is reduced whereas this is not generally true 
in the fowl. The dominance of melanism in the fowl is more nearly complete 
than in the pheasant, probably because of selection in the former species. There 
is a recessive, autosomal dilute, or cream, in the fowl, but its similarity to 
cream in the pheasant has not been established. No character comparable to 
the sex-linked dilute of the pheasant is known in the fowl. 





BucHuHo1z, J. T., and BLAKESLEE, A. F., University of Illinois, Urbana, IIl.: 
Pollen-tube growth in intra- and interspecific pollinations between balanced poly- 
ploids of Datura. In pollinations between 4n and 2n within a species of 





Datura, most of them give better pollen-tube growth in the pollination 4n X 2n 
than in the reciprocal pollination 2nX4n. Pollination 4nX 4n is usually inter- 
mediate between these reciprocal crosses and sufficiently satisfactory to insure 
production of seed. In Datura ferox (possibly some others) better results are 
obtained in the pollination 4nX4n (or 4n selfed) than in either of the crosses 
4n X 2n or 2nX4n. In pollination between different species of Datura the cross- 
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pollinations that give very poor pollen-tube growth from combinations 2n of 
species AX 2n of species B show that no improvement in pollen-tube growth 
is obtained from the combinations 2n of A pollinated by 4n of B, or 4n of A 
pollinated by 2n of B, or when 4n of A is pollinated by 4n of B. However, 
some interspecific pollinations that give very favorable conditions of pollen- 
tube growth in 2n of AX2n of B have been found to show conditions in 4n 
of AX4n of B, or some combination involving 4n, which should still make 
possible the hybridization between the balanced polyploids of these species. 


BURDETTE, WALTER J., and STRONG, LEONELL C., Yale University School 
of Medicine, New Haven, Conn.: The incidence of methylcholanthrene induced 
tumors in inbred strains of mice. Inbred mice of the CBA, C;H, CHI, 
JK, and NH strains were given a single subcutaneous injection of 1.0 mgm 
of methylcholanthrene. In 857 mice developing tumors, the mean number 
of days from the time of injection to time of the first appearance of a tumor 
was as follows: CBA males, 99.0; CBA females, 95.5; Cs3H males, 72.5; C3sH 
females, 66.0; CHI males, 86.7; CHI females, 112.2; JK males, 139.2; JK fe- 
males, 147.8; NH males, 130.6; NH females, 121.7. The tumors developed at 
the site of injection and included spindle cell sarcomata, epidermoid carci- 
nomata, rhabdomyosarcomata, and mixed tumors. They were quite malignant, 
growing rapidly, showing many mitotic figures, and occasionally metastasizing. 
The mice were 60 days of age when injected and were never mated. Injection 
was made in the right flank, and 0.1 cc sesame oil served as vehicle for the 
carcinogen. The mice were fed on a diet of Nurishmix. The room temperature 
was maintained at 70°F. 





BuRNuHAM, C. R., University of Minnesota, St. Paul, Minn.: Cytogenetic stu- 
dies of an interchange between chromosomes 1 and 7 in maize. A naturally 
occurring semisterile line of maize, designated in an earlier paper as semisterile 
—3, was heterozygous for an interchange between chromosomes 1 and 7. A 
piece including approximately 84 percent of the long arm of chromosome 7 
exchanged positions with a piece including about 60 percent of the longer arm 
of chromosome 1. Considerable asynapsis at the center of the cross was ob- 
served. In linkage group 1, the break was between br and f. In linkage group 7 
the break is very close to ra. 





BUSHNELL, RALPH J., University of Connecticut, Storrs, Conn.: Character- 
istics of eggs laid by the hybrids of Indian Runner by Muscovey——tThe F, fe- 
males of Indian Runner (Anas platyrhynchus) male by Muscovey (Cairina 
moschata) female lay almost as frequently as the pure Indian Runners. The 
F, females of the reciprocal cross have infantile ovaries and oviducts. The 
mating reactions of the former hybrid females are normal, while the latter 
respond negatively to F; males, Indian Runner and Muscovey males. The eggs 
laid by the first group of hybrid females are smaller than either typical Indian, 
Runner or Muscovey eggs. The Muscovey laid eggs averaging 80.4 grams, the 
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Indian Runner eggs averaging 83.1 grams, and the hybrid females averaging 
50.9 grams (excepting 3 double yolk eggs averaging 67.9 grams). The parts of 
the eggs in percent (on weight basis) for each group are as follows: Indian 
Runner (n=12) albumin 52.95, yolk 35.4, shell 11.65; Muscovey (n=8) al- 
bumin 46.94, yolk 39.0, shell 14.06; hybrid (n=g9) albumin 52.8, yolk 32.2, 
shell 15.0. The hybrid females were mated to Muscovey, Indian Runner, 
and hybrid males. None of the 125 eggs incubated were fertile. 


CAROTHERS, E. ELEANOR, State University of Iowa, Iowa City, Iowa: 
Interspecific hybridization in the Acrididae (Trimerotropis citrina X T. mari- 
tima) Trimerotropis is the largest genus of the Oedipodinae in number of 
species. As at present constituted there are some 75 species which fall into a 
number of natural groups. The species of certain of these groups are closely 
related to other species belonging to 5 different genera. The present report 
deals with four years of selection and inbreeding of offspring of the above spe- 
cies cross and back crosses which followed it. Selection has resulted in several 
pure breeding strains, one of which resembles a species belonging to a different 
group, 7. vinculata, more than either of the parent species. Another approaches 
the members of a different genus, Conozoa. Characters studied are 1) markings 
of the tegmina; 2) width and extent of wing band; and 3) color of the hind 
tibia. Cytologically the species crossed are indistinguishable but the original 
citrina male carried an unequal pair of homologues in the second smallest pair 
and one strain carries an extra number 1 chromosome. 





CHASE, HERMAN B., University of Illinois, Urbana, Ill.: Genetics and em- 
bryology of an anophthalmic strain of mice. Ninety percent of these mice are 
completely eyeless. The rest have eyes of various degrees of smallness and mal- 
formation, from a pigment mass to an eye almost normal, very few of which 
are visible externally in the adult. These differences within the strain are due 
to nonhereditary modifiers. Crosses with 4 other strains were carried to F; and 
back-cross generations and to some F3, Fy, Fs and second back-cross genera- 
tions to test the segregants. One major pair of alleles (Ey ey) differentiates the 
anophthalmic strain (ey ey) from the others (Ey Ey). Introduced modifiers, 
different from the several strains, greatly increase the expected number of 
ey ey animals with small eyes and even push some over the threshold for nor- 
mal eyes on both sides. Examination of timed embryos of the anophthalmic 
strain showed an inhibition of the optic vesicle after it forms, resulting in the 
failure to form a cup or, more often, the formation of a small irregular cup, 
too far from the surface to induce a lens. In this case the choroid fissure re- 
mains open. Occasionally the cup is large enough to induce a small lens. The 
critical period begins about 10 days or earlier, after which organogenesis of the 
eye fails to proceed. After about 13 days whatever is left usually grows at a 
normal rate with the remainder of the embryo but does not organize. The com- 
pletely anophthalmic adults have no eye remnants but have normal lids, 
orbits, conjunctivas, and large lacrimal glands. 
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CLAUSEN, Roy E., University of California, Berkeley, Calif.: Monosomic 
analysis in Nicotiana Tabacum. Twenty or more monosomic types of Nico- 
tiana Tabacum have been isolated. They differ from one another in morpho- 
logical features; also in such features as percent of ovule abortion, character 
of pollen samples, percent of transmission, characters of the unpaired chromo- 
some in meiosis, etc. They have been obtained in various ways, most con- 
veniently by crosses of asynaptic female X normal male. When the normal 
male carries a simple recessive gene, appearance of the corresponding character 
in the progeny immediately marks those plants monosomic for the chromo- 
some bearing that gene. Monosomic analysis is achieved by employment of 
monosomic types in crosses involving Mendelian contrasts. Its simplest use is 
in determination of the chromosomes which carry given genes; but it may also 
be adapted to more complex situations; complementary, duplicate, modifying 
genes, etc. When a distinct variety differing in many features from the stand- 
ard type is crossed with monosomic representatives, F,; monosomics will im- 
mediately exhibit recessive features appropriate to the recessive differences of 
the specific chromosomes, thereby permitting parcelling out to the various 
chromosomes in F, of the simple recessive gene differences between the stand- 
ard type and the opposed variety. Simple gene differences may also be located 
alternatively from crosses of asynaptic females X recessive males by identifica- 
tion of the monosomic associated with the recessive character in the immediate 
progeny. Monosomics may also be employed in analyzing chromosomal dis- 
locations. Thus a quadrivalent translocation configuration is reduced to a 
chain trivalent in corresponding monosomic types. Monosomic analysis is not 
only simpler but also more precise than the normal analytical procedure. 





CoLE, RANDALL K., and FurtH, Jacos, Cornell University, Ithaca and 
Cornell University Medical College, New York, N. Y.: The genetics of spon- 
taneous mouse leukemia. Two highly inbred strains of mice which differ 
rather widely (approximately 75 to 2 percent) in the incidence of spontaneous 
leukemia (lymphoid and myeloid) have been used to study the inheritance of 
susceptibility to this disease. The data, covering the parental, reciprocal F,, 
F2, F; and various back-cross generations, include records on approximately 
4500 pedigreed mice which have survived to the beginning of the ninth month, 
unless previously dying of leukemia, and on which reports of autopsy findings 
at the time of natural death are available. Doubtful cases have been checked 
by histological preparations. The data indicate that resistance or susceptibility 
to spontaneous leukemia is inherited on a multiple-factor basis with a strong 
tendency for resistance to be dominant over susceptibility. That undetermined 
environmental factors influence resistance is suggested by a lower incidence of 
the disease in the Fz, Fs and certain of the back-cross generations than is to be 
expected should genetic factors be the only ones involved. No consistent evi- 
dence was obtained to demonstrate that either maternal influence or sex- 
linkage were involved in susceptibility or resistance. An analysis of the high 
leukemic strain suggests a sex difference in susceptibility, the females showing 
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a higher incidence of the disease. This sex difference in incidence of leukemia 
was also observed in a majority of the various hybrid generations. 


Crow, J. F., University of Texas, Austin, Tex.: Studies in Drosophila 
speciation: I. The Drosophila mulleri group. The four known members of 
this group are as follows: (A) D. mulleri mulleri, from Texas; (B) D. aldrichi, 
from Texas; (C) D. mulleri mojavensis, from California; and (D) D. mulleri 
arizonensis, from Arizona. These types are similar morphologically. All have 
five pairs of rods and two pairs dot-shaped chromosomes. They differ in rela- 
tively few major chromosome rearrangements. Of the twelve possible crosses 
between them only the following produce hybrids: A female X B male, 
sterile hybrids of both sexes; A female X C male, sterile male and fertile fe- 
male hybrids; B female X C male, sterile female hybrids, no males; D female 
X C male, sterile male, fertile female hybrids; C female X D male, hybrids 
slightly fertile. The crosses involving D cannot be considered to be absolutely 
conclusive since a limited number have been made, but results indicate that 
A and D are completely isolated, although both are fertile to C. Crosses be- 
tween A and certain stocks of B produce about ninety percent male offspring. 
Most of these males show an abnormal abdomen. Crosses between different B 
strains show that this sex ratio is due to a sex-linked gene, which produces no 
visible effect in B but acts as a dominant semi-lethal in the hybrids. The gene 
producing abnormal abdomen in male hybrids is located on the X chromosome 
of certain stocks some 25 units from the female semi-lethal gene. It acts from 
B males to their male offspring. The semi-lethal gene, present in only a few 
stocks of B, acts to reduce the number of progeny from hybridization even 
though all hybrids are completely sterile, thus foreshadowing complete isola- 
tion. 





CuMLEY, R. W. and Irwin, M. R., University of Wisconsin, Madison, Wis.: 
Immunogenetic studies of serum proteins following a species cross in doves. 
Utilizing as antigens the sera (plasma) of Pearlneck (Streptopelia chinensis) 
and Ring dove (Streptopelia risoria), respectively, it has been possible to dis- 
tinguish between the serum proteins of these two species only after the ab- 
sorption of an antiserum (produced in rabbits) to one by the serum of the 
other. The results obtained following the reciprocal absorptions of the respec- 
tive anti-sera to these two species, tested with the serum of each and the spe- 
cies hybrid, allow the conclusion that at least a part of the serum proteins of 
the two species are chemically distinct, and that the serum of the species hy- 
brid contains all, or nearly all, the antigens of both parents. The reagent used 
to detect the specific components of Pearlneck serum (anti-Pearlneck serum 
absorbed by the serum of Ring dove) was tested with the serum of backcross 
individuals (47 in all) obtained from mating the species hybrid, or selected 
backcross hybrids, to Ring dove. The serum of some individuals reacted, 
usually at very low dilutions of the antigens; that of others did not. There was 
no correlation between a reaction and the number of backcross generations. 
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The backcross offspring of two males whose respective serums gave re- 
actions were of two types: those whose sera reacted (six birds), those whose 
sera did not (8 birds); and there was one questionable reaction. These results 
indicate that a segregation of the antigens specific for Pearlneck serum has 
occurred, presumably as a result of segregation of the causative genes. 


DERMEN, Hare, U. S. Horticultural Station, Beltsville, Md.: Periclinal and 
total polyploidy in peaches induced by colchicine. In an earlier report by 
DERMEN and Scort (Proc. Amer. Soc. Hort. Sci., 1938) a probable tetraploidy 
induced by colchicine in a sector of a peach seedling was described. Last year 
a similar case was detected in one of the seedlings treated by the immersion 
method with o.5 percent colchicine for 17 hours. Polyploidy on a number of 
branches on these two plants was confirmed by stomatal measurements. Last 
spring two flowers developed on one of the isolated polyploid branches of the 
tree first found to have tetraploid tissues. Pollen grains from these were found 
to be of normal size. Cytological examination made from vegetative tips taken 
from branches marked as polyploid revealed conclusively that polyploidy in 
these branches was confined to the epidermis. Good chromosome plates showed 
that the epidermis was tetraploid while the inner tissues were diploid. This ex- 
plained the monoploidy of the pollen grains from branches determined to be 
polyploid by stomatal measurements. So far only aceto-carmine smears have 
been made from the second plant. In these smears only tetraploid chromosome 
plates were found. Since the stomata measurements showed tetraploidy in the 
epidermis and the inner tissues are tetraploid according to the chromosome 
plates, the wholly tetraploid nature of a part of this plant is indicated. In addi- 
tion we have one triploid plant the origin of which is obviously through a fusion 
of diploid and monoploid gametes. 





DERMEN, Hate, and Barn, Henry F., U. S. Horticultural Station, Beltsville. 
Md.: Periclinal and total polyploidy in cranberries induced by colchicine. 
Seedlings of cranberry were grown aseptically in test tubes of agar. When about 
13 inches long and having 3 to 6 true leaves, the seedlings were wrapped in 
bundles of 25 each in wet absorbent cotton and the latter rolled to form plugs 
that would fit loosely in 1-inch vials. Bundles of plants were then inverted and 
placed in vials with stems submerged in aqueous solutions of colchicine of 
0.05, 0.10, and 0.20 percent for 24 hours. One bundle was dipped in a vial con- 
taining water as a check. A few months after treatment the seedlings were ex- 
amined using stoma size as a criterion for polyploidy. Polyploidy was rare in 
the o.05 percent treated plants. Plants treated with 0.2 percent solution con- 
tained more polyploidy than those with the o.1 percent. Cytological prepara- 
tions were made from growing branch tips by the paraffin method. Branches 
that had shortened internodes, slow habit of growth, and leaves changed in 
shape as well as in thickness were totally polyploid, while in those with normal 
habit of growth, but whose leaves had large stomata, polyploidy was confined 
to the epidermis. Some branches with growth and other habits suggesting total 
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polyploidy had normal stomata. No critical cytological examinations were 
made of such material, but we suspect that this might be a case of diploid epi- 
dermis and polyploid inner tissue. Six commercial varieties were treated by 
applying drops of glycerine-colchicine solution on the tips of growing shoots. 
On five varieties polyploidy effect was discovered by stomatal examination. 


DIEDERICH, GERTRUDE WYLIE, University of Chicago, Chicago, IIl.: Non- 
random mating between yellow-white and wild type Drosophila melanogaster. 
A preliminary study of a mixed population suggested that non-random 
mating was the chief mechanism in the selection against the mutant genotype. 
The present experiment showed how far mating departed from random in 
yellow-white vs. wild type University of Chicago stocks. In 140 trials, involv- 
ing some 6000 females and 1500 males, virgin females were exposed to a fourth 
as many males for 24 to 72 hours, after which each female was placed in a 
separate vial to determine which had been fertilized and by which type of 
male. Yellow-white males, exposed to equal numbers of yw and wild females, 
fertilized about four times as many yw as wild females. There was no signifi- 
cant difference, however, in the number of yw and wild females fertilized by 
wild males. This last disagrees with SpETt1’s results in 1932 (although Spett’s 
technique was carefully followed) and corroborates STURTEVANT’S direct ob- 
servations of matings in 1915. The most striking phenomenon observed was the 
marked failure of the yw males to fertilize females, especially wild females, 
when in competition with wild males. When yw females were exposed to as 
many yw as wild males, 79 percent of those fertilized were fertilized by wild 
males; and g1 percent of wild females in parallel trials. When equal numbers of 
yw and wild females were exposed simultaneously to as many yw as wild 
males, 66 percent of the yw females and 94 percent of the wild females were fer- 
tilized by wild males. A similar study is now being made on Bar vs. wild type. 





DuNNING, W. F., and Curtis, M. R., Columbia University, New York, N.Y.: 
Longevity and genetic specificity as factors in the occurrence of spontaneous tumors 
in the hybrids between two inbred lines of rats. Analysis of the occurrence of 
spontaneous tumors in the first 10 brother by sister generations of two lines of 
rats showed one to be long-lived with a high incidence of tumors and the other 
relatively short-lived with few spontaneous neoplasms. Line 2331 with an aver- 
age life span of 19.8+.13 months had among 2236 rats, of 12 or more months of 
age, 451 spontaneous tumors, 364 of which arose in the thymic gland or re- 
gional lymph nodes. The tumors increased in frequency with age of the rats 
reaching 100 percent at 34 months. In Line 344 the average life span was 
12.3+.10 months and among 2269 rats which lived to be 9 or more months of 
age only 43 spontaneous tumors were observed. About half were located in the 
lymph nodes of the cecal region, and were of a type not found in Line 2331. 
No tumors of the thymic gland were observed in this line. Reciprocal F; hy- 
brids had few spontaneous tumors and none in the thymic region. 368 progeny 
of F, hybrids back crossed to the shorter lived strain developed only 11 tumors, 
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5 in the cecal lymph nodes and none in the thymic gland. 1073 progeny of the 
F, hybrids back crossed to the longer-lived parental strain developed g2 tu- 
mors of many types and about equal numbers of tumors in the thymic and 
cecal regions. 


Duranp, Eric, HOLLAENDER, ALEXANDER, and HouLaHAan, M. B., Na- 
tional Cancer Institute and Division of Industrial Hygiene, National Institute of 
Health, and Carnegie Institution of Washington, Cold Spring Harbor, N. Y.: The 
absorption of ultraviolet radiation by the abdominal wall of Drosophila melano- 
gaster. The absorption spectrum of the abdominal wall of two strains (wild 
type, Swedish-b and yellow-white) of Drosophila melanogaster were determined 
with the Zeiss quartz ultraviolet microscope using the step-sector disk method 
of photometry (CoLE and Brackett). The specimens proved to be more trans- 
parent than had been anticipated from earlier rough absorption experiments. 
Both strains showed but little absorption (20-30 percent) from the visible 
(4358A) to 2480A. Below this wavelength the absorption rose rapidly, reaching 
go percent at the shortest wavelength used (2144A). There was considerable 
variability among the various areas of a single fly, and among the specimens 
measured. Patches of abdominal tissue which adhered to some specimens re- 
mained clear (20-30 percent abs.) down to about 3000A but showed rapidly 
rising absorption at shorter wavelengths, reaching the limit of the method 
(98 percent abs.) at around 2400 to 2600A. Curves illustrating the results, and 
typical photomicrographs will be shown. The results will be discussed in con- 
nection with the “action spectrum” for lethal mutations being investigated by 
DEMEREC and HOLLAENDER. 





Ercst1, O. J., University of Oklahoma, Norman, Okla.: Chromosomal stud- 
ies of diploid and related polyploid species from pollen tubes treated with col- 
chicine. Comparative cytological studies of the haploid complement of 
chromosomes in species of Tradescantia and Polygonatum were made from 
pollen tubes grown in artificial media to which colchicine had been added. 
Colchicine causes a scattering of chromosomes during the divisions of the gen- 
erative cell, and thereby facilitates critical comparisons of the size and form of 
individual chromosomes. The chromsomes of T. canaliculata (n=12) and P. 
commutatum (n= 20) appeared in duplicate, whereas, this condition was not ob- 
served in T. occidentalis (n=6) and P. pubescens (n= 10). The similarities between 
certain chromosomes of the diploid and polyploid species are striking, e.g., P. 
commutatum has 12 large chromosomes with medially located kinetochores and 
8 smaller chromosomes, while P. pubescens has 6 large chromosomes with 
similarly located kinetochores and 4 smaller chromosomes. The variations in 
size and form of the chromosomes of any one set in species of Tradescantia are 
not great. It is evident that polyploidy has arisen in each genus as a result of 
duplication of entire sets of chromosomes; however, more species of each genus 
must be studied before it can be concluded that P. commutatum and T. ca- 
naliculata arose directly by a duplication of the sets of chromosomes of P. 
pubescens and T. occidentalis, respectively. 
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EINSET, JoHN, Cornell University, Ithaca, N. Y.: Characteristics of par- 
thenogenetic diploids derived from tetraploid maize. Parthenogenetic dip- 
loids occur spontaneously in autotetraploid maize with frequencies varying 
somewhat in different stocks but averaging at least 1:1000 as indicated by 
observations on approximately 40,000 plants. These maternal diploids provide 
valuable material for a study of the consequences of chromosome reduplica- 
tion, especially when they originate from inbred tetraploid stocks. There is no 
chance of secondary effects of the heat treatment in such spontaneous diploids 
as there is in induced autotetraploids. It might also be noted that difficulty 
has been encountered in producing and maintaining tetraploid stocks from in- 
bred diploids for comparison studies. Maternal diploids and their selfed pro- 
genies were found to be fully fertile whether originating in high or low fertile 
lines. Date of pollen shedding was in general several days earlier in the diploid 
than in the tetraploid. Relative height of diploid and tetraploid plants was 
found to vary in different stocks. Although certain organs of the plants, es- 
pecially the staminate inflorescence and the kernels, are markedly larger in the 
tetraploids, the plants themselves may be shorter, intermediate, or taller than 
diploid sibs. This would seem to indicate that the relative size of maternal dip- 
loids in comparison with the tetraploids is influenced more by the genotype of 
the tetraploid stock than by any direct effect of reduction in chromosome num- 
ber. These derived diploids resemble ordinary diploid maize and do not retain 
the distinctive characteristics of the parental autotetraploids as reported in 
Oenothera. 





FanKHauser, G., Princeton University, Princeton, N. J.: The effects of 
pentaploidy on development in the newt, Triturus viridescens. Among sala- 
manders, exceptional polyploid individuals may be identified by chromosome 
counts in amputated tailtips of young larvae. So far, triploid larvae have been 
discovered in Triturus viridescens and Eurycea bislineata, and tetraploid larvae 
in the last named species. In December 1939, a single polyploid larva was found 
in a group of about forty young larvae of Triturus viridescens. Chromosome 
counts in the amputated tailtip showed the number to be at least fifty-four, 
i.e., very close to the pentaploid number, fifty-five. The pentaploid condition 
of the animal was confirmed later by chromosome counts in cells of the intes- 
tine. The development of the pentaploid was at first normal, both in rate and 
appearance. The larva began to feed at the same time as the controls. From the 
age of four weeks on, however, fluid began to accumulate in the body cavity. 
This ascitic condition gradually became more severe, and the larva was fixed 
when almost six weeks old. It showed no gigantism in spite of the very large 
size of individual cells. The great increase in cell size was neutralized by a cor- 
responding decrease in cell number in various organs. The addition of as many 
as three haploid chromosome sets thus seems to have little influence on the 
fundamental processes of development themselves. The reduced viability of 
the larva may have been connected primarily with harmful physiological con- 
sequences of changes in cell size and cell number. 
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Fano, U., and DEMEREc, M., Carnegie Institution of Washington, Cold 
Spring Harbor, N. Y.: Measurements of the frequency of dominant lethals in- 
duced in sperm of Drosophila melanogaster by X-rays. An attempt is being 
made to correlate the production of dominant lethals with that of cytologically 
detectable aberrations. For this purpose a large amount of data on the fre- 
quency of production of dominant lethals has been collected. The fraction of 
eggs which after fertilization by X-rayed sperms fail to give rise to adult flies 
has been taken as an indicator of dominant lethals. The results of 50 inde- 
pendent measurements will be demonstrated, corresponding to 18 different 
X-ray doses varying between o and 11,000 roentgens and including counts of 
about 60,000 eggs. A large amount of work has been devoted to experiments at 
very low dosage. The production of dominant lethals is apparently propor- 
tional to the X-ray dose for small dose and the survival ratio decreases ex- 
ponentially for high dose. On the whole, however, the “dose-action” curve does 
not seem to fit the “single hit” type very well. This would indicate that the 
phenomenon is not simple, which is very plausible. About 1 percent of the eggs 
still gave rise to adult flies in the case of 11,000 roentgens. The percentage of 
dominant lethals produced by 1000 roentgens (about 15 percent) is so large 
that it cannot be accounted for by the production of inviable chromosome 
aberrations, which should appear at a rate corresponding to that of viable 
inversions or translocations. 





FiscHER, H. E., Cornell University, Ithaca, N. Y.: Causes of sterility in 
autotetraploid maize. Cytological and genetical studies of autotetraploid 
maize which characteristically exhibits varying degrees of reduced fertility 
indicated that genetical factors were more important as causes of high sterility 
than were chromosomal irregularities in meiosis. In both the highly fertile and 
highly sterile stocks, from eight to ten quadrivalents were generally found at 
diakinesis; the subsequent meiotic behavior of the chromosomes was also 
similar. F;s between self-fertile and self-sterile stocks were generally highly self- 
fertile, often more fertile than the fertile parent. F, populations of such 
crosses showed unimodal or weakly bimodal distributions with respect to per- 
centage seed set, most individuals being self-fertile. Populations resulting from 
backcrosses to the self-fertile parents were highly fertile and showed a uni- 
modal distribution while those resulting from backcrosses to the sterile parent 
showed bimodal distributions. These data suggest that genes influencing fer- 
tility were segregating in these stocks and that self-fertility was dominant. 
Evidence was obtained for the existence of cross-incompatibility between cer- 
tain tetraploid stocks. Certain self-fertile stocks were cross-sterile when used 
as the female parent but were cross-fertile when used as the male parent; 
others were both self-sterile and cross-sterile when used as the female parent 
but were cross-fertile when used as a pollen parent. The presence of genes for 
self- and cross-sterility in tetraploid corn when such factors have not been 
found in the diploids from which these originated, suggests that doubling the 
chromsome number results in a change in genic balance due to the cumulative 
action of some genes and the non-cumulative action of others. 
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GEROULD, J. H., Dartmouth College, Hanover, N. H.: Genetics of butterflies 
(Colias spp.) Between September 28 and October 16, 1940, 335 specimens 
of the yellow species, C. philodice were collected in one garden at Hanover, 
174 males and 161 females of which 26 (16 percent) were white. In the spring 
of 1911 at Hanover, 16 percent were white, indicating stability of the white 
female in the population after 29 years and the fact that there is no seasonal 
effect upon the white-yellow proportion. With the 335 philodice were 2 fully 
orange eurytheme and 2 species-hybrids (1F; male and 1 backcross male (to 
philodice)). Altogether, between Sept. 11 and Oct. 16, 1940, 649 philodice, 405 
males and 244 females of which 42 females (17 percent) were white, were 
caught by various observers within a radius of 1 mile. With them were 5 
eurytheme and 5 hybrids. Experiments have shown that the philodice male 
mates fairly readily with eurytheme females, producing numerous F; offspring; 
these readily backcross with philodice, but are mostly sterile inter se. In the 
species-cross of C. eurytheme X C. philodice, broods of philodice measured, in 
red (Levibond “tintometer” units X 10), from 1 to 7; of eurytheme (July and 
September) 22 to 55; the intermediate F,; varied narrowly, between 17 and 38 
(summer), but in a brood eclosing in December red was reduced to 10-15. 
The segregating F, varied widely, reaching 41 in October (eurytheme sum- 
mer av. in redness) but the same brood extended into clear yellow, 6 (October). 
Graphs of late-season backcrosses to each species are shown. 


Gites, NorMAN, Harvard University, Cambridge, Mass.: Spontaneous 
chromosome aberrations in triploid Tradescantia hybrids. The types and 
relative frequencies of spontaneous chromosome aberrations at the first post- 
meiotic mitosis in the pollen grain have been studied in a diploid Tradescantia 
paludosa, a tetraploid T. canaliculata, and in several triploid hybrids obtained 
from a cross of these two. The types of aberrations fall into two general classes 
those which result from aberrant chromosome behavior at meiosis, and 
those which are the result of spontaneous chromosome breaks and refusions 
during the post-meiotic development of the pollen grain. In the former, ex- 
amples of which are found only in the polyploids, a comparison of the fre- 
quencies of dicentrics without fragments at the pollen grain mitosis, especially 
in the tetraploid, indicates that only a portion of the meiotic bridges gives rise 
to subsequent bridges in the pollen grain. The post-meiotic spontaneous break 
types are similar qualitatively to aberrations found following X-radiation. 
Their frequencies in the three types of plants are quite different, however, and 
on a basis of number of chromosome breaks the frequency ratio of diploid, 
tetraploid, and triploids is approximately 1:2:12. It is suggested that the 
much greater spontaneous break frequency in triploid hybrids, where it may be 
as high as 9.0 percent in terms of cells, may be related to the genetic unbalance 
and consequent disturbance of chromosome coiling cycle in the post-meiotic 
stages. 








Goopricu, H. B., Arrick, Myron S., and Hit, G. A., Wesleyan Univer- 
sity, Middletown, Conn.: Gene-controlled pigments in Platypoecilus and Xipho- 
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phorus and comparisons with other tropical fish. A comparative study has 
been made of pigments present in color patterns in two groups of related 
aquarium fish including Mendelian varieties of two of the species. In Platypoe- 
cilus maculatus and in Xiphophorus helleri of the family Poeciliidae it is found 
that the red color controlled by gene R (genetics as determined by Gorpon) 
does not belong in the melanin series but is due to the pigment erythropterin. 
The yellows which are controlled by an independent gene are produced by two 
related compounds, zeaxanthin and lutein. In presence of R the erythropterin 
appears in granular form at the periphery of cells apparently homologous to 
xanthophores of yellow types and which retain a yellow center thus forming a 
xantho-erythrophore. In rr types the red pigment is much restricted or absent 
and yellow pigment may be present. In the family Osphronemidae it is found 
that in Macropodus opercularis, Colisa lalia, and Colisa fasciata the oranges 
and yellows are due to violaxanthin and lutein, while in Betta splendens yel- 
lows are luteins and reds are erythropterin. Identifications were made by the 
chromatographic adsorption method. 





Gorpon, Myron, American Museum of Natural History and New York 
Aquarium, New York, N. Y.: Comparable interaction of hereditary factors 
from “wild” and “domesticated” populations in intraspecific and intergeneric 
crosses of fishes. In matings with the one-spot, twin-spot and single cres- 
cent, the comet, Co, of Platypoecilus maculatus shows its genetic affiliations to 
the O, T, Mc, Cc, C series of dominant autosomal allels that affect patterns at 
the caudal peduncle and tail. The comet has a black line on the dorsal and ven- 
tral margins of the caudal fin. Comet is found in 16.1 percent of the wild popu- 
lation in Rio Jamapa; 17.0 percent in Rio Papaloapam in 1939, 16.8 percent in 
1932, 10.6 percent in 1902. No comets are found in Rio Coatzacoalcos and 
Rio Usumacinta platyfish populations. In the laboratory “wild” comet fe- 
males and “wild” non-comet females mated to “wild” comet males produce 
comet offspring identical in pattern to their parents. Whe “wild” comet males 
are mated to domesticated strains such as the gold or the red, black-spotted, 
the offspring inheriting the comet take on a new appearance: all their seven 
fins and mouth become extremely dark. They are commonly called black wag- 
tails, a new variety. When comet Platypoecilus maculatus is mated to an al- 
bino or red Xiphophorus hellerii, the black wagtail pattern appears in the 
intergeneric hybrids. All results may be explained by postulating a dominant 
simple Mendelian factor E as a modifier of Co. Ina series of tests, E is not 
sex-linked nor linked to OT allelic series or St independent factor for micro- 
melanophores. It is suggested that the E factor has been transferred from 
Xiphophorus to Platypoecilus sometime during the 30 year period of their do- 
mestication. 





GowEN, JoHN W., Iowa State College, Ames, Iowa: Size stability of tobacco 
mosaic under different conditions. The repeat nature of the molecular struc- 
ture of some self-reproducing entities has led to the view that such entities 
may be combinations of identical smaller units. This view finds some support 
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in the wide range of sizes included in the viruses and phages. A small sized 
primary unit joining by some simple mechanism with other like units to com- 
plete a larger final unit could explain such differences. The molecule of tobacco 
mosaic has such a repeat type. It has been suggested that this molecule exists 
in different sizes, being larger when extracted from the plant than when prop- 
agating within the host. X-ray treatments offer means for testing such a view. 
Virus extracted from the plant and virus of the early disease in actively grow- 
ing tobacco were X-rayed and rates of inactivation determined due allowance 
being made for any differential absorption. Essentially identical inactivation 
rates were obtained for each. If we admit the dependence of inactivation rate 
on the size of the fraction of the molecule governing reproduction, the simi- 
larity of the two results would indicate that the virus under these two condi- 
tions is of fixed size. 


GREEN, M. M., and OLIveR, C. P., University of Minnesota, Minneapolis, 
Minn.: Influence of pigment genes on the homozygous vg phenotype in Drosophila 
melanogaster. The effects of temperatures of 27 and 29.5°C on the pheno- 
types of homozygous vg, b vg, y vg, and vg e* were made. It was found that a 
larval temperature of 27° is sufficient to increase significantly the wing length 
of black-vestigial and yellow-vestigial males and females and to increase the 
haltere size in males of both phenotypes. No such effect was noted among ves- 
tigial and vestigial-sooty individuals. Increase of larval temperature to 29.5° 
further increases the halteres in black-vestigial and yellow-vestigial individuals 
to normal size, and the wings in some males to the normal phenotype; responses 
in vestigial and vestigial-sooty individuals were not so marked. 





GriFFEN, A. B., University of Texas, Austin, Tex.: Studies in Drosophila 
speciation: II. The Drosophila melanica group.—Preliminary tests of the 
melanica group indicate the presence of two general types, one consisting of 
the light colored true and sub-melanica forms, and the other consisting of the 
darker forms. The dark type includes three stocks, Texas, Woods Hole and 
Wooster, which are highly cross-fertile and produce fertile hybrids of both 
sexes. Woods Hole and Wooster are cytologically similar, while Texas shows a 
conspicuous inversion in the F; hybrids. Within the light group there is con- 
siderable cross-fertility and hybrid fertility between seven different strains 
tested. A strain from Madison, Wisconsin, shows some cross-fertility to all of 
the other light forms, and, in addition, is slightly cross-fertile to the Texas 
dark strain. It would therefore seem to connect the light and dark types. 


GRIFFEN, A. B., University of Texas, Austin, Tex.: The B* translocation 
in D. melanogaster and modifications of the Bar effect through irradiation. 
T(1;4)A— B® is a translocation involving the X and IV chromosomes with 
breaks at 102F2/102F3 and between the repeat sections of the B duplication 
which was present in the original stock. The B* effect is confined to the XR 
fragment, while the XL has no B effect although it bears one of the original 
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members of the duplication. Irradiation of B* males has produced further facet 
reduction and complete returns to normal eye shape; some of these changes are 
associated with visible changes in the IV-XR fragment and some appear to 
be simple mutations without visible rearrangement. In one case a B effect has 
been induced in the XL fragment through deletion of the facet-forked interval, 
thus causing an association of white (3C2) and the first band (16Ar) of the left 
B section; this new XL effect is independent from that of XR. The mutant 
cases are instances of duplication of chromosome material with loss of visible 
effects and are examples of one method for increasing the amount of genic 
material in the species. 


HAGER, RussELt P., University of Illinois, Urbana, Ill.: Cytological studies 
of the Bar allels of Drosophila melanogaster———Although there has been 
some speculation regarding the nature of banding in salivary gland chromo- 
somes of mutants involving Infrabar, these mutants had not been accurately 
studied. Observations have therefore been made using the following types: 
wild, reverted-Bar, forked reverted-Bar, forked reverted-Infrabar, Bar, forked 
Bar, forked Infrabar, forked Infrabar-Bar, four different stocks of forked In- 
frabar-double, vermillion forked Infrabar-double, three stocks of yellow Infra- 
bar-double, and heterozygotes between the various types. Permanent salivary 
gland smears were prepared according to aceto-carmine methods described in 
DIS-6. Glands were obtained from large, quiescent, female larvae grown at 
temperatures of about 20°C. on culture media enriched with yeast. The band- 
ing in sections 15, 16, and 17 was compared with that shown on the revised 
map of the X-chromosome prepared by BRIDGES in 1938. Study of wild, re- 
verted-Bar, and reverted-Infrabar revealed banding identical with that of the 
map. Infrabar was analyzed and found to be the duplication of the 16 A seg- 
ment already described by Bripces for Bar. No visible difference has been 
detected between the bands in Infrabar and Bar. In eight stocks of Infrabar- 
double which manifest the reduction in size of the eye and in number of facets 
characteristic of the double types, the banding can be described as a duplica- 
tion of the 16 A segment and identical with either Infrabar or Bar. Hetero- 
zygotes between Infrabar and Infrabar-double have been found to bear out 
this conclusion. The banding in Infrabar-Bar (or Bar-Infrabar ?) also repre- 
sents a doubling of the 16 A segment of the wild type. In the compound types 
only a duplication is visible. In no case was the expected triplication verified. 
There is, however, an increase in the transverse swelling in the compound 
types. 


Hinton, TAYLoR, Columbia University, New York, N. Y., and SpARRow, 
A. H., McGill University, Montreal, Canada: The non-random occurrence of 
terminal adhesion in salivary chromosomes of Drosophila. The free end of the 
chromosomes in salivary gland cells are known to have a tendency to lie in 
contact with each other. In regular smear preparations such adhesion may be 
observed, roughly, in one cell out of each two pairs of salivary glands. A total 
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of 107 cases of terminal adhesion have been recorded in slides made from lar- 
vae of the “Oregon-R” strain of Drosophila melanogaster. Ten combinations 
of two associated chromosome ends are possible in a species with five long 
chromosome arms. If the association were at random, approximately ro in- 
stances of each of the ten types would be expected in our material. (Only 98 
of the total observed are used since the rest are of a complex nature.) The 
actual figures are as follows: X-2L—17; X-2R—3; X-3L—17; X-3R—16; 
2L-2R—3; 2L-3L—3; 2L-3R—5; 2R-3L—6; 2R-3R-16; 3L-3R—12. The ob- 
served figures deviate significantly from the expected basis on the assumption 
of the randomness of the adhesion. This deviation may be due to combination 
of a mechanical factor such as chromosome length, with a qualitative factor 
such as a varied amount of terminal adhesion. No single factor will adequately 
explain the pattern they follow. 


Ives, P. T., Amherst College, Amherst, Mass.: Genetic analysis of natural 
populations of American Drosophila melanogaster. An analysis of wild flies 
from one Florida and two New England populations by S/Cy sp indicated 
48.5 +3.1 percent (S. E.) of second chromosomes bearing lethals or semilethals 
in New England and 66.5+3.2 percent in Florida. The frequency of wild- 
type flies in the remaining chromosome tests was below normal (33.3 percent), 
being 27.5+0.2 percent in New England and 25.2+0.6 percent in Florida 
lines. In no line was the wild-type frequency significantly above normal. 
Most semilethal and 10 percent of the other chromosomes carried visible mu- 
tations. The data may reflect better environmental conditions in Florida than 
in New England, and suggest that heterosis plays a major role in maintaining 
these populations. Only 4 of 48 lethals from one New England population were 
duplicates, and only one duplicate appeared in 27 Florida lethals. This sug- 
gests a continuously large breeding population in both areas, and an unex- 
pectedly large amount of wintering over in New England. Analysis of 50 New 
England lethals by 2-ple showed that one represents combination effects of 
two visible mutations; 2 are associated with gross crossingover modifiers (prob- 
ably inversions); 4 chromosomes have a lethal in each arm; 20 have a lethal 
left arm, and 25 a lethal right arm. Of 20 lethals occurring in the laboratory in 
originally non-lethal New England wild chromosomes, 6 proved allelic to 6 of 
54 New England wild lethals. Of 13 occurring in non-related chromosomes, 
none was allelic to any of 44 of the same New England wild lethals. New lethals 
were found to occur at a rate of 1 to 2 percent per generation. The rate was 
unaffected by a 36.5°C 18 hour shock treatment of late third instar larvae. 





Ka.iss, NATHAN, and Brices, L. CaBpot, New York, N. Y.: Coat color in- 
heritance in Bullterriers. The data used are gathered from breeders’ rec- 
ords. Such records, as has been pointed out by other authors, are open to seri- 
ous question as to completeness and reliability. However, something of value 
can be gleaned from them which may serve as a guide for future experimental 
work. Breeders classify the coat characters in Bullterriers as white, brindle, 
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red, black, fawn, black-and-tan, tricolor, and blue. So-called white is piebald. 
Brindle and red appear to be allelic, with brindle dominant to red. White 
(piebald) involves at least one recessive factor. Black is probably the expres- 
sion of a single recessive factor. No conclusions can be reached on the other 
characters because of inadequate data. Planned matings among the various 
color types are needed, with complete records of progeny, including descrip- 
tions of eye color, color of spots in piebalds, and the occurrence of deafness, 
which is frequently found in white animals. If possible, descriptions should be 
given shortly after birth, and at maturity. 


KAUFMANN, B. P., Carnegie Institution of Washington, Cold Spring Harbor, 
N. Y.: Evidence of delay in reattachment of chromosome fragments following X- 
radiation of sperm of Drosophila melanogaster. -In order to determine the 
duration of any interval occurring between the time when chromosome breaks 
are induced and the time of recombination of the fragments, comparison has 
been made between the effects of a given dosage when administered continu- 
ously and in a series of fractions. Salivary chromosome analysis was used to 
measure frequency of breakage and types of rearrangements produced. The 
number of breaks detectable in the fraction-treated material should be lower 
than in control material if in the interval between successive doses some of the 
breaks “heal” to restore the original sequences and are therefore unable to 
participate with subsequently produced broken ends in the formation of chro- 
mosome rearrangements. Moreover, if recombination should occur between 
successive treatments, the fraction-treated material should show relatively 
fewer of the complex rearrangements involving a large number of broken ends 
than the controls. Results of the experiments (in which effects of a series of 
1000 roentgen fractions at 24 hour intervals, and 2000 roentgen fractions at 16 
day intervals were compared with the controls) indicate that such differences 
do not exist. The close correspondence between fraction and continuous treat- 
ment with respect to numbers of breaks suggests that no appreciable “healing” 
occurs even when the interval between successive treatments is 16 days. The 
presence of multiple-break, complex rearrangements following the fractionated 
dosage strengthens the evidence for the theory that breakage precedes re- 
combination. 





KEELER, CLypkE, E., Wistar Institute, Philadelphia, Pa.: Hereditary shape 
differences in the foramen magnum of inbred rats. Variability in foramen 
magnum shape in skulls of different strains of Norway rats was noticed by 
Miss RutH MEEsER and put on record by Dr. H. H. DONALDSON in 1932. 
Since that time, through cooperation of Dr. HELEN DEAN KIn6, skeletal ma- 
terial has accumulated representing several distinct strains of Norway rats 
which now justifies a comparative study of foramen magnum shape. Accord- 
ingly, more than 800 skulls in the Wistar Institute collections have been ex- 
amined. The difficulty of devising a satisfactory measure for scoring foramen 
shape has been recognized, and it was found best to deal with raw measure- 
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ments of total height, width, roof height, basal height and area, plus an index 
derived from three of these measurements; namely, roof height times width, 
divided by area. Whereas DONALDSON recognized two distinct shapes called 
pentagonal and oblong, this study shows that these forms represent merely the 
extremes of a shape distribution, which are separated by more numerous inter- 
mediate individuals so that the curve of shape index, although being moded 
at different numerical values in different strains, always falls into a normal dis- 
tribution for a population. Shape differences in the foramen may be noted as 
early as the first month of postnatal life, although the foramen flattens dor- 
sally with age. Shape variations are to a great extent dependent upon multiple 
factor differences in gene constitution. The more oblong shapes are probably 
due to an accumulation of recessive factors because several low foramen 
strains (curly, albino, waltzer) have been derived by the breeding of a high 
foramen strain (captive gray Norway), whereas the reverse has not been ob- 
served. A comparison of the basic measurements reveals idiosyncrasies of re- 
gional differentiation characterizing the several strains studied. 


KIMBALL, R. F., The Johns Hopkins University, Baltimore, Md.: The in- 
heritance of mating type in the ciliate protozoan Euplotes patella-——Six mating 
types, designated arbitrarily types I-IV, have been found in Euplotes patella. 
Animals of any one mating type will conjugate when mixed with animals of 
any of the other five mating types but not, ordinarily, when mixed with ani- 
mals of the same mating type as themselves. In mixtures between clones of 
different types, pairs composed of two animals of the same type as well as 
pairs composed of two animals of different type are formed. Thus it was possi- 
ble to obtain matings involving animals of the same type. A study of the in- 
heritance indicates that the mating types are determined by the various 
combinations of three alleles which will be designated mi', mé*?, and mé*. This 
conclusion is based on the results of the following matings:— IXI, IVXIV, 
VIXVI, IVXVI, ILXII, and IXII. These results indicate that the genotype 
of the various mating types are:—type I-mi'm?*, type I1-mi'mi', type III- 
mimi’, type IV-mi'mt', type V-mi?mi’, type VI-mé?mi?. While all possible 
matings have not been made, the matings involving only the mi' and mf 
alleles have been studied rather fully. Sufficient work has been done to indi- 
cate the presence of the mé® allele and to show the genotypes of the mating 
types containing it. 


Kinsey, A. C., Indiana University, Bloomington, Ind.: Local populations in 
a gall was p.——Biorhiza eburnea is a highly variable gall wasp from the South- 
ern Rocky Mountain area of the United States and northern Mexico. The wing 
length of a single interbreeding population, for instance, may vary as much as 
1200 percent. These differences are so great that the extreme types have been 
described as different species belonging to different genera. The variation ap- 
pears to be the result of major mutation involving multiple-factor characters, 
with subsequent inbreeding with the parental type. Biometric measurements 
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show that the population from each locality is distinct: in range of variation 
of each character, in the combination of characters, in frequencies of the dif- 
ferent types within the population, and in the nature of the correlations of the 
several characters. Field collections made ten years apart show each population 
had maintained its particular pattern for that period of years. The series 
shows clines, and the populations from the extreme localities have heretofore 
been assigned to different genera. In this case, the evolution of species and of 
distinct generic types seems to have come by way of mutation and by isolation 
of these local populations. 


Lawson, CHESTER A., Wittenberg College, Springfield, Ohio: The effect of 
temperature on longevity, reproduction and growth in aphids. Adult aphids 
kept at 20°C in continuous dark live longer than those kept at higher tempera- 
tures. Furthermore, for each increase in temperature there is a corresponding 
decrease in longevity. The same relationship exists between temperature and 
reproduction. More offspring are born at 20°C than at higher temperatures 
and rate of reproduction is decreased proportionately as temperatures are in- 
creased. High temperatures (30°C to 40°C) stop reproduction altogether. This 
is done in ten or eleven days at 30°C and in four or five days at 35°C. Offspring 
born during the first days at high temperatures remain on the plant. Later 
appearing offspring leave the plant, and those born just before reproduction 
ceases are born dead. The major observable internal changes in embryos that 
accompany cessation of reproduction are a gradual increase in size of germarial 
cells, a gradual decrease in number of symbionts and a decrease in size of entire 
embryo. Offspring born of parents kept at 28°C mature at room temperature 
about twenty-four hours later than those born of parents kept at 23°C. When 
parents are kept throughout their reproductive period at 28°C the young born 
during the first seven days mature at room temperature in seven or eight days. 
Those born after the seventh day mature in eight to thirteen days. When 
parents are kept at 30°C or above, the first born offspring mature, but those 
born later, when young are found on the soil, die before becoming adults. 





LESLEY, MARGARET MANN, and LEsLeEy, J. W., University of California 
Citrus Experiment Station, Riverside, Calif.: Parthenocarpy in a deficient 
tomato plant and in its aneuploid progeny——A very small tomato plant 
originated in F, from diploid parents. It had an unequal pair of homologous 
chromosomes and proved to be a deficiency heterozygote, about one third of 
the chromosome being deficient. At diplotene the unequal homologues were 
often closely associated and at diakinesis they were attached at one end or 
were separate. The pollen, especially under field conditions, was scanty and 
mostly abnormal. A primary trisomic, a deficient trisomic having an extra 
chromosome similar in size to the deficient chromosome, and a deficient tetra- 
somic originated from selfing the deficient plant; a secondary having a ring 
trivalent originated from crossing it with a diploid. The deficient plant and all 
its aneuploid derivatives were very fruitful. Fruitfulness was associated with a 
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tendency to parthenocarpy. Without artificial pollination most of the fruits 
of the deficient plant and of the deficient tetrasomic were parthenocarpic. On 
deficient trisomic and primary trisomic plants parthenocarpy was frequent in 
the basal fruits but gradually less so in fruits that set on later-developed in- 
florescences. Parthenocarpy was stimulative except in the deficient tetrasomic 
which set fruit without pollination. Possibly the gene balance in the whole 
chromosome and especially in the deficient chromosome tends to increase auxin 
concentration and so favors parthenocarpy and fruitfulness. 


MacDoweELlL, E. C., Potter, J. S., Taytor, M. J., and Warp, E. N., 
Carnegie Institution of Washington, Cold Spring Harbor, N. Y.: A second 
back-cross test for determiners of spontaneous leukemia. The incidence of 
leukemia in a first back-cross has been reported as approximately } that in the 
inbred leukemic strain. This result does not distinguish between a segregation 
of determiners and a uniformly transmitted tendency with reduced “pene- 
trance.” Fifty mice in this first back-cross generation have been tested by 
crossing again to the “non-leukemic” strain and observing the incidence of 
spontaneous leukemia in each family of about 50 mice. This made a total of 
over 2600 mice, all of which were born in the same season of the same year. 
The frequency distribution of the 50 first back-cross animals according to the 
incidence of leukemia in their respective offspring (5 percent classes) presents a 
symmetrical polygon with the mode in the 15~19 percent class; the individual 
families range from o percent to over 30 percent. The occurrence of leukemia 
in a first back-cross animal gives slight indication of the incidence actually 
found in its offspring (range 4-28 percent), although the proportion of back- 
cross parents that were themselves leukemic is higher for families with high 
incidence than for families with low incidence. 





MAINLAND, Gorpon B., University of Texas, Austin, Tex.; Studies in 
Drosophila speciation. III. The Drosophila macrospina group.——Crosses 
have been made between strains of Drosophila macrospina macros pina Stalker 
& Spencer from different regions of Texas and D. macrospina ohioensis Spen- 
cer. With the exception of strains from one locality in western Texas, no steril- 
ity factors or major differences have been found in F; or F2 from inbreeding or 
backcrossing flies. When females of the exceptional west Texas strain, D. 
macros pina limpiensis new sub-species Patterson Ms., are crossed to other 
strains from Texas or Ohio, all F; males are sterile and F; females fertile, al- 
though both sexes are fertile from the reciprocal cross. All F; offspring from 
backcrosses of these hybrid females to the west Texas strain are fertile. One- 
half of the male offspring from the backcross of hybrid females to other Texas 
or Ohio strains are sterile, while all females are fertile. Apparently, a limiting 
factor (or factors) of a complementary nature in the limpiensis Y is necessary 
for fertility of males which carry the limpiensis X. Salivary analyses show that 
the west Texas strain differs from other strians in having a distal and proximal 
inversion in the X chromosome. Morphologically, D. m. limpiensis is more 
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like D. m. ohioensis than D. m. macrospina. Wild flies captured in Texas dis- 
play all intergrades of phenotype between the described D. m. macrospina and 
D. m. ohioensis; others are more extreme than the latter in the same general 
direction. Autosomal mutants in the progeny of single wild type females paral- 
lel those described for the closely related species D. funebris, although mutant 
eye colors are more prevalent. 


Marsuak, A., Radiation Laboratory, University of California, Berkeley, 
Calif.: Chromosome abnormalities produced in interphase nuclei with x-rays 
and neutrons. Previous experiments showed the frequency of chromosome 
abnormalities observed in anaphase at three hours after treatment with x-rays 
or neutrons to be an exponential function of the dose. Abnormalities observed 
in V. faba root tips at 12 and at 24 hours after neutron bombardment likewise 
vary exponentially with dose. The slopes of the curves for the 3, 12 and 24 hour 
intervals are .070, .o51, .036 respectively. The slope for the Vicia x-ray curve 
at 24 hours is .0025. The ratio of the neutron to x-ray slopes (n/x) at 24 hours 
is 14.3 as compared with the comparable ratio of 6.6 at 3 hours. Thus chromo- 
somes of the same organism at different stages of the nuclear cycle give differ- 
ent n/x although a constant ratio has been obtained with chromosomes of very 
different species at the same stage of the nuclear cydle. Pisum and Allium also 
give exponential curves at 24 hours, but data are not yet sufficient for obtain- 
ing n/x. However the ratio of about 16 obtained by Gres for chromatid dicen- 
trics in Tradescantia microspores is sufficiently close to the 14.3 for Vicia to 
suggest that a constancy comparable to the one observed for abnormalities in- 


duced at the onset of prophase may be found for similar parts of the interphase 
in different species. 





MILLER, Dwicut D., University of Rochester, N. Y.: Interspecific hybrids 
involving Drosophila athabasca. Drosophila athabasca hybridizes with D. 
azteca (STURTEVANT and DoszHANSKY, 1936). It has also been found to form 
interspecific hybrids with two other members of the affinis group:—D. algon- 
quin and D. affinis. Hybrids have been obtained between algonquin females and 
athabasca males. The frequency of insemination is low, but a good number of 
apparently quite viable offspring are produced in cases of mating. Female hy- 
brids are fertile and have been backcrossed to algonquin males. Male hybrids 
produce no sperm. The salivary gland chromosomes of hybrid larvae show few 
cases of synapsis, but certain definite homologies have been found. These in- 
volve regions in both arms of the B chromosome, both arms of C, and the en- 
tire dot-like D chromosome. The frequency of insemination of Drosophila 
affinis females by D. athabasca males is quite high, but hybrid production is 
low. The nature of the mechanism whereby such interspecifically inseminated 
females fail to produce offspring is being studied. The athabasca-affinis hybrids 
seem to be well viable. Neither sex has been shown to be fertile. Spermatogene- 
sis appears to be grossly abnormal, involving the production of large, multinu- 
clear masses within the testes. 
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Murray, Merritt J., Cornell University, Ithaca, N. Y.: The breeding be- 
havior of a tetraploid race of a dioecious species. Acnida tamariscina (Nutt.) 
Wood is a dioecious species belonging to the family Amaranthaceae. The dem- 
onstration illustrates the first and second generation behavior of colchicine-in- 
duced tetraploid males and females contrasted to that of the normal diploid 
race. 





Myers, W. M., and Hitt, HELEN D., U. S. Regional Pasture Research 
Laboratory, State College, Pa.: Variations in meiotic behavior among plants of 
the autotetraploid Dactylis glomerata. Data were obtained from duplicate 
collections from 20 euploid (2n= 28) plants from open-pollinated populations. 
Statistically significant differences among plants occurred for quadrivalent 
frequency per sporocyte (2.4 to 4.4), metaphase I sporocytes showing unival- 
ents (o to 16.8 percent), anaphase I sporocytes with lagging univalents (1.7 
to 34.0 percent), and quartets with micronuclei (1.5 to 51.2 percent). Quad- 
rivalent frequency was not correlated with metaphase I univalents, lagging 
univalents at anaphase I, or quartets with micronuclei. Correlation coefficients 
between metaphase I univalents and anaphase I laggards, metaphase I uni- 
valents and micronuclei, and anaphase I laggards and micronuclei were statis- 
tically significant. In 19 plants, 18 to 100 percent of the anaphase I laggards 
could be accounted for by metaphase I univalents. In one plant, more meta- 
phase I univalents than anaphase I laggards occurred. The lagging univalents 
at anaphase I divided equationally and most of the daughter univalents were 
included in the interphase I nuclei. The daughter univalents lagged at ana- 
phase II and many were left in the cytoplasm. However, the frequency of mi- 
cronuclei in 18 plants indicated that o to 84 percent of the daughter univalents 
were included in the quartet nuclei. In two plants the number of micronuclei 
exceeded that expected from the frequency of anaphase I laggards. In 194 ana- 
phase I sporocytes, only one showed a 13-15 distribution; the remainder 
showed 14-14 distributions. The results suggest that anaphase I laggards are 
of major importance and unequal disjunction of quadrivalents of minor impor- 
tance in causing aneuploidy in the gametes. 





Nasours, ROBERT K., Kan. Agric. Expt. Station, Manhattan, Kan.: 
More or less lethal genes. It is commonly assumed that heterozygous lethals 
are either neutral or exhibit some degree of deleteriousness. DUNN has ascer- 
tained that fowls heterozygous for a lethal are less viable than those which lack 
it entirely, and that “creeper” tends to be a dominant lethal. There are other 
allusions to the unfavorable effects of heterozygous lethals. So far as can be as- 
certained only two instances have been recognized in which heterozygous leth- 
als benefit or improve viability. NABouRs and KiNGsLEy discovered that a 
lethal in A potettix eurycephalus rendered the heterozygous bearers significantly 
more viable than the sibs and controls homozygous for its normal allele (1934). 
Further considerable, confirming data are available for the case in A. euryceph- 
alus. D. W. ROBERTSON discovered that barley when heterozygous for certain 
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double lethals was more viable than when homozygous for their normal alleles. 
Are there any significant numbers of other cases among plants and animals in 
which double doses of lethals kill while the single doses benefit? 


NEEL, JAMES, Dartmouth College, Hanover, N. H.: A relation between larval 
nutrition and the frequency of crossing over in the adult of Drosophila melanogas- 
ter. ru h th st cu sr e* ca D. melanogaster males were crossed with wild-type 
females, and the resulting larvae divided into two groups. The control group 
spent the entire egg-larval-pupal period at 26°C under very favorable culture 
conditions. The experimental group was raised under similar culture 
conditions until an egg-larval age of 70 hours, and then removed from all food 
for the remainder of larval life. A high proportion of the larvae so treated 
completed development and at approximately the same time as the controls. 
Females resulting from the two types of larvae were backcrossed to ru h th st 
cu sr e* ca males, and the frequency of crossing over between h, th, cu, sr, and 
e° followed during the first 26 days of adult life. Throughout the entire period, 
except for the first few days, the frequency of recombination was consistently 
and significantly higher in the flies developing from partially starved larvae 
than in controls. This increase in recombination frequencies was distributed 
along the entire length of chromosome 3 studied; in contrast to the effects of 
X-rays and extremes of temperature, the region of the spindle fiber attachment 
was not observed to be peculiarly sensitive to the treatment. The proportion of 
total recombination which is associated with multiple crossing over appears to 
be the same in the two series, so that the higher recombination frequencies of 
the experimental group are probably the result of a general increase in the co- 
efficient of crossing over. 





O.tveErR, C. P., University of Minnesota, Minneapolis, Minn.: Crossing over 
between two alleles of lozenge in Drosophila melanogaster. Glossy and spec- 
tacle, alleles, recessive to wild-type are present in dl-49 inversions. Fourteen 
of 7800 offspring from heterozygous spectacle/glossy were unexpectedly wild- 
type for eye structure and genitalia. The wild-types occurred due to crossing 
over within the inversion (between v and vs), apparently between the alleles; 
the inversion was retained. Crossover tests of the “reversions” indicate that 
they carry neither of the mutant alleles. The complementary crossover type, 
not yet recognized, possibly phenotypically similar to glossy, has been sought 
among vermilion female offspring from m? /z* {/v 1z* vs mated to dl-49 v vs. In go 
tested females, no lethal condition was found; crossover tests are being made 
to determine whether some have glossy and spectacle on the same chromosome. 
No difference has been observed in the salivary chromosomes. 





PAINTER, T. S., University of Texas, Austin, Tex.: The effects of an alkaline 
solution (pHis) on salivary gland chromosomes. Within a single salivary 
gland of Drosophila Hydei the chromosomes may give three types of response 
to alkali treatment, essentially similar to those reported for D. melanogaster by 
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CaLvin, Kopani and Gotpscumipt. The type of response given seems to de- 
pend on the physical and/or chemical condition of a material in which the 
chromonemata are found to be embedded. The condition of thi: .satrix or 
perinema, in turn, depends on the endomitotic phase in which a given chro- 
mosome happens to be at the time of treatment. In old larvae more than 85 
percent of the nuclei react in the same way (type I). The chromonemata are 
encased in a firm sheath and the alkali gradually destroys the chromomeres 
and their connecting strands. Ultimately the perinema is affected and a step 
in its dissolution is the formation of fibrous processes which remind one of 
lampbrush chromosomes. In types II and III, the more fluid perinema allows 
whole bands to shrink and, in general, to change position and, depending on the 
severity of the disruption, we have either ladder or lampbrush images. All of 
the evidence is consistent with the view that salivary chromosomes are made 
up of longitudinal strands which are alike. The most significant result of these 
experiments is the proof for the presence of a matrix in which the chromone- 
mata are embedded. 


PATTERSON, J. T., STONE, WILSON S. and GriFFEN, A. B., University of 
Texas, Austin, Tex.: Studies in Drosophila speciation: 1V. Extension of the D. 
virilis complex. New stocks of the gray group from the Southwest area and 
from Japan and China and new stocks of the red group from Texas have been 
tested. Among these red stocks, both the general Texana and Americana chro- 
mosome types have been found although the gene order in chromosome 5 is 
not always the same. Also some of these red stocks have differed genetically 
from Texana and Americana as shown in their cross-fertility tests. The gray 
stocks from the Southwest have also proved to be different in genotype among 
themselves and from those gray forms previously reported. The same situation 
exists for the new Asiatic stocks. For example, one crosses more readily in red 
female X gray male, although all other stocks have been more fertile in the re- 
ciprocal cross. Gray-gray heterozygotes carried by inbreeding for over ten gen- 
erations have been retested to Americana and Texana. The cross fertility is uni- 
versally low. Consequently, cross-sterility did not depend on complementary 
cross-sterility factors selected into these several stocks which could be sep- 
arated by recombination in these heterozygotes. In general new stocks and 
tests have added to the remarkable complexity and diversity of the D. virilis 
complex. 





PIPKIN, SARAH BEDICHEK, North Tex. Agric. College, Arlington, Tex.: In- 
tersex modifying genes in wild strains of Drosophila melanogaster. Males 





from twenty wild strains of D. melanogaster collected from different geograph- 
ical regions were crossed to highly inbred triploid females homozygous for the 
recessive X genes y’, v, and f. In the progeny, wild-type intersexes received an 
X from the wild male parent and a y? vf X from the triploid mother. y* v f inter- 
sexes received their two X’s from the triploid mother. These two kinds of inter- 
sexes had an equal chance of receiving any one of each of the male parent’s 
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autosomes and any two of the female parent’s autosomes. Therefore, any sig- 
nificant difference in degree of maleness or femaleness of wild-type and y* v f 
intersexes must indicate that intersex modifying genes located in the wild X 
from the male parent are different in strength and dominant over their allels 
in the y* v f X of the triploid stock. The y? v f intersexes and wild-type inter- 
sexes of any one bottle of a given cross are subject to the same environment 
since they are sibs. Chi square homogeneity tests on the sex types of wild- 
type intersexes of different bottles of the same cross identified (and elimi- 
nated) any bottle from the group that may have had a different environment 
from the majority of bottles of the cross in question. Of the twenty wild stocks 
investigated, seven showed sex types of wild-type and y* v f intersexes hetero- 
geneous by the chi square test (i.e.,significantly different). Further tests showed 
that the wild Y chromosome handed down to the y? v 7 intersexes by the wild 
male parent does not affect the intersex sex type. 


PonTECcORVO, G., and MULLER, H. J., University of Edinburgh and Am- 
herst College, Amherst, Mass.: The lethality of dicentric chromosomes in Dro- 
sophila. The fact that viable translocations formed after x-raying sperma- 
tozoa are proportional in frequency only to the 3/2 power of the dose has been 
shown to signify that union of broken ends of chromosomes occurs without 
reference to presence or absence of centromere on fragment, the zygote with 
aneucentric rearrangements, i.e. with chromosomes other than monocentric, 
dying. If death is due solely to the genic unbalance resulting directly from the 
loss of the non-monocentric chromosomes, then, if extra chromosomes homol- 
ogous to those lost were introduced, in compensation for the losses, the result- 
ing zygote would survive. This can be tested, in Drosophila melanogaster, by 
crossing irradiated males to triploid females; homozygous recessive markers in 
the triploids allow recognition of the exceptional offspring. Thus, losses of a sin- 
gle paternal autosome, as by simple breakage, will allow one autosomal reces- 
sive to show in the Fi, while losses of two autosomes, as by aneucentric trans- 
location, will “uncover” two recessives simultaneously. Among 8,880 Fj, from 
crosses of brown ebony triploids by non-brown non-ebony males given 4,000 
r, 133 Showed just one autosomal recessive, and only 3 (one being the approxi- 
mate expectation for the coincidence of two independent losses) showed both 
recessives. But the frequency of aneucentric translocations produced must 
have been such as to have resulted in over 800 zygotes showing both recessives, 
had these zygotes lived. Hence over 99 percent of these aneucentric rearrange- 
ments are lethal per se even though many aneucentrics formed from union of 
sister chromatid fragments after simple chromosome breakage are not lethal. 
Investigation of the mechanism involved is proceeding. 





ROSENBLAD, L. E., University of Houston, Houston, Tex.: Description of 
ejaculatory sac diverticula in certain Drosophilinae. A study of the reproduc- 
tive tract of thirty-seven species of the subfamily Drosophilinae revealed the 
presence of an undescribed structure in fourteen species. These appendage- 
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like structures have a blind distal end and are attached to the ejaculatory sac 
of the male reproductive tract. In all cases except one there are two anterior 
diverticula; however in a D. melanica-like species there is also a posterior pair 
of diverticula. These structures vary considerably in size: D. tripunctata Loew 
has short and knob-like appendages, while Scaptomyza adusta Loew has di- 
verticula which are about eight times as long as the ejaculatory sac itself. 


ROSENBLAD, L. E., University of Houston, Houston, Tex.: Speciation studies 
on the basis of reproductive tract morphology in Drosophilinae. Data obtained 
from dissection and study of reproductive tracts of five Drosophilinae genera 
seem to indicate that these structures offer a more effective and reliable basis 
for speciation studies than somatic structures. Four main groupings were 
made, using thirty species of Drosophila and showing their relationship to the 
members of the genera Chymomyza, Gitona, Mycodrosophila and Scaptomyza, 
Among twelve characters used in making the groupings were spermathecae 
chitinization, ventral receptacle coiling, testes color, testes coiling, paragonia 
shape, ejaculatory sac diverticula and ovary tip shape. The use of special 
needles, high-magnification binoculars and dissecting fluid made possible -the 
removal of intact reproductive tracts. Stocks used were obtained from those 
collected in Texas by Dr. J. T. PATTERSON. 





SANFORD, K. K., and Banta, A. M., Brown University, Providence, R. L.: 
A temperature effect on the grade of intersexuality in Daphnia longispina. 
The effect of temperature on the manifestation of intersexuality in Daphnia 
longis pina was tested in a series of experiments on a genetically intersex clone, 
which, reproducing by diploid parthenogenesis, exhibits wide variations in ex- 
pressivity of intersexuality, ranging from phenotypically normal females to 
females with completely male secondary sex characters. Sibs were cultured 
from birth in parallel at different temperatures, and effects upon sexual char- 
acteristics of their parthenogenetically produced offspring were noted. Ani- 
mals reared at a low temperature produced more highly intersex young than 
those reared at higher temperature, i.e., the offspring exhibited a much greater 
expressivity of male secondary sex characters. In an attempt to localize the 
temperature-effective period, mothers were transferred from one temperature 
environment to another. These temperature changes appeared not to affect 
the grade of intersexuality of animals developing from eggs or embryos in the 
brood chamber at time of transfer, but did produce effects upon the ovarian 
eggs, in that the young developing from them reflected a grade of intersexuality 
correlative with the temperature to which the eggs were exposed during ovar- 
ian development. 





SAWIN, P. B., and McNutt, C. W., Brown University, Providence, R. I.: 
Some internal morphological variations and their relation to adult body size in the 
rabbit. Previous studies of variations in number and position of the various 





regional types of vertebrae indicate that they are not inherited individually, 
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although an approach to monogenic behavior is close in some cases. KUHNE has 
interpreted them as the result of a single mutation inducing tendencies toward 
serial change in an antero-posterior or a posteroanterior direction. Correlation 
between skeletal, muscle and nerve variations (KUHNE) and various skeletal 
variations (GREEN) imply an extended regional effect of the gene. Although 
skeletal variations in some families are not directly correlated with adult body 
size, the present study which focuses attention upon the location of sacral at- 
tachment, of ventral spinous processes and of bifurcation of the aorta as well as 
the presence of extra ribs, in each of four inbred families of rabbits differing in 
mean adult body size, shows that these variations which are manifestly pro- 
gressive changes in a posterior direction fall into distinct patterns associated 
with size of the race. Crosses between these families although at present incom- 
plete, show such tendencies of pattern as would be expected if these variations 
were not necessarily manifestations of independent localized growth differ- 
ences but rather functions of growth differences more extensive in scope, such 
as the numerous factors affecting growth and adult body size (CASTLE) whose 
effects were shown (GREGORY) to be already manifest at birth. If this is true, 
further study of such internal morphological variations among inbred strains 
should throw new light upon the factors determining adult body size and their 
influence in development. 


SCHWEITZER, Morton D., Cornell University Medical College, New York, 
N. Y.: Methods for the study of heredity and environment in human pathology. 
Genetic analysis of human diseases by gene-frequency methods may be 
successfully applied when variations due to non-genetic agencies are minim- 
ized. Underlying genetic differences may be difficult to evaluate or masked 
entirely when specific parasitic agents, or other non-genetic variables, play a 
prominent part, as for example in tuberculosis or pellagra. Certain methods for 
the study of family epidemiology may readily be extended to include the factor 
of heredity. They offer an additional means of genetic investigation, and may 
be useful even in cases where the results of other methods are inconclusive. By 
their use, it may also be possible to evaluate the contribution of heredity (or 
lack of it) in the onset and course of a given disease. Examples illustrative of 
the foregoing will be presented. 





Srears, E. R., U. S. Dept. of Agriculture, and University of Missouri, Co- 
lumbia, Mo.: Nullisomics in Triticum vulgare. Of the 21 possible nulli- 
somics (2n— 2) of T. vulgare (n= 21), seven have now been obtained. In five of 
these (nullisomics I to V) the missing chromosome is homologous to a chromo- 
some of the emmer wheats (n= 14), while in the other two (nullisomics XV and 
XVI) all 14 emmer homologues are present. Although all seven are of reduced 
fertility, none is completely sterile, and four are both male- and female-fertile. 
Nullisomic I, which differs least from normal, is chiefly characterized by lax 
spikes; II is much reduced in tillering capacity, culm length, and vigor, is late- 
maturing and female-sterile, and is completely awnless; III is small and fine- 
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leaved, has compact spikes, and is partially asynaptic; IV has narrow leaves, 
slender stems, and lax spikes; V is small, fine-leaved, slender-stemmed, late- 
maturing, and male-sterile; XV has fine leaves and stems and is male-sterile; 
and XVI is small and late-maturing, has fine leaves, compact spikes, and white 
seeds, and is poorly fertile. The seven nullisomics were obtained from 16 mono- 
somics found in the progeny of a haploid pollinated by a diploid. Among the 
13 of these thus far identified, two were monosomic I, three were II, two were 
III, and three were XVI. Additional monosomics are easily obtained from the 
partially asynaptic nullisomic III. 


SHULL, A. FRANKLIN, University of Michigan, Ann Arbor, Mich.: Time of 
response to temperature in wing development in aphids———It has long been 
known that high temperature counteracts the effect of alternating light and 
darkness on the production of wings in certain aphids. The tests which re- 
vealed this influence were made at high temperatures throughout, so that the 
length of time required to become effective was not ascertained. They have now 
been repeated by changing the temperature from low or moderate to high in 
the middle of the experiment, and the time elapsing between change of temper- 
ature and elimination of winged offspring has been noted. There is considerable 
variability in this time, but the mean is approximately the same as the mean 
time required for conditions of light to effect the corresponding change in the 
earlier experiments. This comparison needs to be made with the same strain of 
aphids under comparable conditions. Though the building up of a means of 
controlling wing development (probably the cumulative production of some 
substance) could easily require different times for temperature and for light, 
the relative promptness with which both of them act leaves room to suspect 
that there is a real time of wing determination which both of them must pre- 
cede in order to be effective. Whether the preparatory processes induced by 
temperature are the same as those induced by light remains to be determined. 


Sinnott, E. W., BLAKESLEE, A. F., and FRANKLIN, ALICELIA. Yale Univer- 
sity, New Haven, Conn. and the Carnegie Institution, Cold Spring Harbor, 
N. Y.: A comparative study of fruit development in diploid and tetraploid cucur- 
bits ——In a number of pure lines of Cucurbita and Lagenaria, tetraploid races 
have been established by colchicine treatment. It is thus possible to com- 
pare fruit development in diploids and tetraploids on the same genetic back- 
ground. In one line, organ size at comparable stages (early primordia and 
at flowering) is the same in both. In others, the tetraploid is considerably larger 
in these early stages but fails to maintain this advantage in later development, 
so that mature fruit volume is about the same in both types. Cell volume in the 
earliest tetraploid primordia is always twice that in the corresponding diploid 
stage. In both types cell volume increases during development in all tissues, the 
innermost ones showing the greatest increase. Cells of the tetraploid maintain 
their relatively greater size as growth proceeds, but the ratio to diploid is dif- 
ferent in different tissues, being relatively much greater in the outer than in the 
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inner ones. The tetraploid fruit thus shows much less range in cell size at a 
given stage than does the diploid. Cell division persists to a greater cell size in 
tetraploids, ranging from 8 times diploid in the epidermis to 1.5 times in the 
central tissue. In all tissues cell expansion, after division ceases, results in a 
final cell volume approximately twice as great in tetraploids as in diploids. 
Cell number is, therefore, about half as great. Tetraploid cells have somewhat 
firmer walls than corresponding diploid ones. 


SNELL, G. D., Roscoe B. Jackson Memorial Laboratory, Bar Harbor, 
Me.: Linkage studies with induced translocations in mice-——Six cases of semi- 
sterility, presumably due to translocations, have been studied. One of these, 
T-F\146, was induced by x-irradiation of mature sperm; two, T-F\rz1 and 
T-F 194, by x-irradiation of ova; three, T-R,8, T-R,12 and T-R,58, by neutron 
irradiation of mature sperm. They were tested for linkage against the following 
genes: a, b, Ca, d, f, In, p, s, se, sh-2, T!, 1, W, wa-1, wa-2, which together mark 
thirteen chromosomes. No linkages of translocations T-F,194 and T-R,8 were 
found. T-F146 is linked with both a (20 percent crossing over) and b (no cross- 
overs in 27 backcross animals); T-R,58 is linked with d (9 per cent crossing 
over); T-F,117 is probably linked with wa-2 (26 percent crossing over); T-R,12 
is probably linked with p (23 per cent crossing over). More data are needed in 
the last two cases to establish the linkages beyond doubt. The linkage of 
T-F\146 with a and 3, and of a and 6 with each other, completes the genetic 
proof that semi-sterility in this case is due to a translocation. 


SNYDER, L. H., and BAxTER, R. C., Ohio State University, Columbus, 
Ohio: The linkage relations of three sets of human genes. Sixty-four sibships 
including 173 individuals were examined for blood group, blood type and abil- 
ity to taste P. T. C. These sibships were then arranged in 2X2 tables for the 
determination of the linkage relations of the three sets of genes by the paired- 
sib method. There was no significant deviation from proportionality in any 
case, indicating random assortment of the genes involved. 





SPARROW, A. H., and Witson, G. B., McGill University, Montreal, Can- 
ada: Relational coiling in the chromosome spiralization cycle of Trillium erectum 
L. and T. grandiflorum Salish ——Direction of coiling and length changes have 
been studied in relic and relational coils of root tip and microspore prophase 
chromosomes, and the relationship of the latter to the meiotic major coil inves- 
tigated. The major coil, whose formation is associated with chromonema elon- 
gation, persists through second division and appears as a relic coil at microspore 
prophase. The tertiary split (visible in the major coil) results in a plectonemic 
spiral (Kuwapa’s orthospiral), the gyres of which enlarge to form relics and 
these become partially straightened out to form a relational coil. Chromatid 
length and the number of relational twists decrease as prophase advances. 
Some relational twists are eliminated at interstitial changes of direction. Others 
may be lost by contraction and untwisting of chromatids. Changes of direction 
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in the meiotic and relational coil have been analyzed as to origin and frequency. 
Changes fall into three categories: those associated with (1) attachments, (2) 
chiasmata and (3) those of fortuitous origin. The frequency of interstitial 
changes of direction is higher in microspore than root tip chromosomes, pre- 
sumably because factor (2) is inoperative in the latter. With only two possible 
exceptions the data favor the assumption that direction of coiling is a matter 
of chance rather than determined by an inherent directional pattern as has 
often been assumed. 


SPRAGUE, G. F., Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, U. S. Dept. of Agr. and Iowa State College, Ames, Iowa: The loca- 
tion of dominant favorable genes in maize by means of an inversion.——A genetic 
stock homozygous for a 5th chromosome inversion, extending from the spindle 
fiber to the knob on the long arm including the pr locus, was crossed to a 15 
generation inbred dent corn line carrying the Pr allele. The F; plants were back- 
crossed to the inversion stock and the resulting seeds separated into two groups 
on the basis of aleurone color; pr (red) and Pr (purple). Comparisons were 
made of the dominant favorable factors in the normal and inverted segments 
using ten replications, the seed exhibiting the contrasting alleles being planted 
in paired plots. The differences in yield per plot and weight per 500 seeds were 
significant at the 1 percent level. No significant differences were found for 
plant or ear height, number of ears per plot, kernel row number or moisture 
content. In the cases where a significant difference was obtained, the dominant 
favorable factors were contributed by the dent corn inbred parent. 


STALKER, H. D., University of Rochester, Rochester, N. Y.: Sexual isolation 
in the virilis complex of Drosophila——Sexual isolation between four strains 
of the sub-species of Drosophila virilis was investigated. One strain, D. virilis 
virilis, is descended from a pair taken at Columbia University by STURTEVANT 
in 1913. The other three strains are D. virilis americana, and come from in- 
dividuals taken within the past five years at different localities in Ohio. Five 
day old flies of both sexes were placed together for twenty-four hours, after 
which the females were dissected and the sperm receptacles examined for 
sperm. Two series of tests were made, those in which males had two types of 
females from which to choose, and those in which only one type of female was 
present. In the former, one of the two types of females was always of the same 
strain as the male. From these tests three strains of americana could be ar- 
ranged in order of their isolation from virilis. The same order was obtained 
from both types of tests. In all tests between the two sub-species, those in 
which the females were virilis and the males americana showed less sexual iso- 
lation than the reciprocals. The three strains of americana showed different 
degrees of isolation from virilis. At least two cases of sexual isolation between 
different strains of americana have been found. 


STEINBERG, ARTHUR G., Columbia University, New York, N. Y. (now at Mc- 
Gill University, Montreal, Canada): On the histology of the Bar and wild type eye 
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discs of Drosophila melanogaster. Histological examination of the eye discs 
in wild type larvae showed that before 72 hours after hatching there was no 
organization of the cells into larger units. Comparison of the eye, wing, and 
limb discs showed no differences in cell pattern. Eye discs of 72 hour old larvae 
showed the presence of “cell clusters” consisting of 4 cells each. In 96 hour old 
larvae the clusters were much more numerous. These “cell clusters” seem to be 
the structures which KRrarka called the “rudiments of the ommatidia.” The 
term “cell clusters” is preferred until more definite evidence of their relation- 
ship to the ommatidia is at hand. The Bar eye discs showed no organization of 
the cells into clusters or any other pattern at any time during the larval stage. 
These facts are sufficient to indicate that KRAFKA’s assumption that the end of 
the temperature-efiective period is determined by the formation of the “cell 
clusters” is invalid, since in wild type the T.E.P. extends to the prepupal stage 
while in Bar it ends about 24 hours earlier. Further discussion of the data is re- 
served until the study of the prepupal and pupal stages is completed. 


STILes, Karu A., Coe College, Cedar Rapids, lowa: The inheritance of pitted 
ear.—Pitted ear is a relatively rare human anomaly defined as a pit in the 
proximal end of the upper part of the helix. This hereditary malformation has 
been studied in three different families, not known to be related. Pedigree 
charts prepared for these families show that one hundred and seventy-one in- 
dividuals are involved. This physical trait varies greatly throughout the fam- 
ilies: the size of the pits ranges from approximately that of a pin head to about 
that of a match stick; and in depth, from about one-sixteenth to one-half inch. 
This trait is usually unilateral in its expression, but appears about as often in 
one ear as in the other; and there are some cases in which it is found in both 
ears. This character is not inherited as a simple Mendelian dominant, but 
rather an irregular dominance is suggested. 


STONE, Witson S., University of Texas, Austin, Texas: Studies in Droso- 
phila speciation. V. Mutations in wild strains of Drosophila virilis. Twenty- 
two strains of the gray group of D. virilis collected in Texas were checked for 
visible and lethal mutations. In this group eight had lethals and four had 
semi-lethals, which usually died in pupal stages, while three were inadequately 
tested. No sex-linked lethal was discovered here or in any of the other D. virilis 
stocks tested. Twenty carried visible mutations, of which one was a sex-linked 
recessive and the others were all autosomal recessives. Of these twenty stocks, 
eight carried one mutation each, eight carried two and four carried three. 
Strains derived from flies collected at a given place frequently carry the same 
visible mutation in two or more stocks. Thus, of ten stocks from one place, six 
carried the same visible, two carried a second and three carried still a third; of 
three stocks from a second place, all carried the same visible; and of three 
stocks from a third place, two carried the same visible. These mutations carried 
in common by two or more stocks from the same place reflect the intensity of 
inbreeding there. 














172 ABSTRACTS 


Sutton, E , Carnegie Institution of Washington, Cold Spring Harbor, N. Y. 
A terminal deficiency in Drosophila melanogaster——In the induced chro- 
mosomal aberration Tp (1) 260-25 the terminal portion of the X-chromosome, 
with the y and ac loci, is removed and inserted near to the centromere of X, to 
the right of 5b. In salivary glands of female larvae heterozygous for this 
change, the 10 terminal bands (o-1B1-2 inclusive) of one X-chromosome are 
missing, and a terminal nucleolus-like structure is always present. This struc- 
ture resembles the normal nucleolus, which remains intact, in that it does not 
stain with the Feulgen technique. 


SWANSON, Cart P., Harvard University, Cambridge, Mass.: Jnuversions in 
pure species of Tradescantia.—Recent evidence points to the widespread oc- 
currence of heterozygous inversions in the genus Tradescantia. This has been 
shown to be particularly true in hybrids between diploid species and between 
diploid and tetraploid species. A survey was made, therefore, to determine the 
extent of such structural hybridity throughout the genus. Eleven species, in- 
cluding some thirty-five (35) plants, were examined, and no plant was found 
to be free from inversions. Measurements of fragment size indicated that each 
species possesses several to many inversions. A comparison of fragment sizes 
in diploid and tetraploid plants of the same species reveals that an extreme 
chiasma localization in the tetraploids permits crossing over in only those in- 
versions located near the distal ends of the chromosome arms, whereas a more 
or less random chiasma distribution in the diploids permits crossing over in 
inversions throughout the length of the arms. The lack of any constant frag- 
ment size, particularly in the diploids, further indicates that the inversions are 
small but numerous. As a rule, the diploids show a higher percentage of inver- 
sions on a chromosome basis, this being interpreted as an expression of a more 
random chiasma distribution, particularly in interstitial regions, than is char- 
acteristic of the tetraploids. The role of inversions in speciation within the 
genus is still speculative, but the isolation of small inverted segments, thus 
keeping them free from recombination, is evident, permitting in this manner 
the accumulation of diverging gene patterns. 


SWANSON, Cart P., Harvard University, Cambridge, Mass.: Major coiling 
and terminalization of chiasmata in Tradescantia. The terminalization of 
chiasmata has been looked upon as an expression of two kinds of repulsion: 
(1) a specific repulsion localized at the centromere, and (2) a general repul- 
sion residing in the body of the chromosome. Experiments of the effect of 
temperature on chiasma formation and major coiling indicate, however, 
that another factor, namely, the development of the major coils, plays an im- 
portant part in the process of terminalization. Unimodal curves are obtained 
when chiasma frequencies and the number of major coils are both plotted 
against temperature. A high coefficient of correlation is obtained when chiasma 
frequencies and the number of major coils are plotted against each other. As 
the major coils develop, therefore, the coiling mechanism progressively ter- 
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minalizes the chiasmata. At 40°C terminalization is frequently so pronounced 
that univalents are produced from previously paired chromosomes. At this 
temperature the development of major coils is variable. Some celis show but 
a few major coils at metaphase, i.e., the chromosomes are greatly contracted 
and possess but few chiasmata, all terminal in position, while others on the 
same slide, and in the same stages of metaphase or anaphase, have developed 
no major coils, and possess many chiasmata, most of which are located inter- 
stitially. If chiasma frequencies are similar in all cells at any specific tempera- 
ture, then the differences in frequencies at metaphase are directly attributable 
to the degree of coiling. 


Vicari, E. M., College of Medicine, Ohio State University, Columbus, 
Ohio: Hereditary variations in the abundance of parafollicular cells of the thyroid 
gland of the dog. Variations in number of parafollicular cells of the thyroid 
gland of the dog have been previously found and reported by the author. Vari- 
ous pure-line breeds of dogs have different amounts of these cells. The dachs- 
hund has a small amount around fifteen cells, while the Boston terrier has an 
excessive amount, around one hundred forty-six cells for the same unit area. 
The cross of the Boston terrier with the dachshund was made by the late Dr. 
CHARLES R. STocKARD in his studies on the genetic and endocrine basis of 
body form. The thyroid glands of individuals of this cross were studied for the 
distribution of these cells and for general histological variations. Eight F; and 
fifty F, individuals were examined. The F; thyroid gland possesses around sev- 
enteen parafollicular cells for a comparable unit area. This amount is close to 
that for the dachshund parent. It indicates that the dachshund thyroid gland 
structure with respect to these cells is dominant over the Boston terrier’s type. 
The range of variation among F: individuals is wide. Some have a small 
amount of these cells and some an excessive amount but the majority have 
slightly more than the F; amount. On the whole the appearance is a graded 
range of variations between the two parental types. 





WarMkKE, H. E., and BLAKESLEE, A. F., Carnegie Institution of Washington, 
Cold Spring Harbor, New York, N. Y: A dioecious gn race in Melandrium defi- 
cient for two sex chromosomes. By selectingand intercrossing male and female 
4n plants which had lost one sex chromosome through non-disjunction, plants 
deficient for two sex chromosomes have been obtained. Such plants, 4A+XX 
(female) and 4A+XY (male), are tetraploid for autosomes but diploid for sex 
chromosomes. These plants are viable and fertile, though not as fertile as true 
tetraploids. When crossed, a true-breeding race consisting of males and females 
similar in chromosome constitution to their parents (4A+XX and 4A+XY) is 
obtained. Field records show 177 males to 58 females from a population of 235 
plants of this type grown the past summer. It is possible this experimental race 
in Melandrium may indicate the manner of origin of certain polyploid species 
in nature, some of the willows for example, which appear to have the tetraploid 
number of chromosomes, but only a single pair of sex chromosomes. 
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WuHartTON, Linpa T., University of Texas, Austin, Tex. Studies in Dro- 
sophila speciation. V1. The Drosophila repleta group. Genetically, Droso- 
phila repleta is a complex species. On the basis of crosses, all ten strains tested 
have proved to be different. It has not been possible to assemble any of the 
several strains from different localities into a genetically homogeneous group. 
Morphologically, the repleta group is roughly divisible on the basis of pupa 
color. Some strains are characterized by a distinctly amber pupa color; others, 
by a light yellow color, the flies and pupae of the latter group being the smaller. 
Crosses between females of the amber group and males of the yellow group are 
more readily fertile than the reciprocal crosses. In such crosses,the F; pupae 
show amber color to be dominant. Wherever tested, F2 flies obtained from in- 
breeding were fertile. Repleta has five pairs of rods and two dot-like chromo- 
somes. Numerous cytological checks of hybrid crosses fail to show any exten- 
sive differences in gene arrangements in the several strains, although some are 
widely separated geographically. Sexual isolation, such as is found elsewhere 
between species, seems to be the chief barrier to crossing, as dissections of fe- 
males in crosses which failed to prove fertile showed that sperm was absent. 





ZELLE, Max R., Iowa State College, Ames, Iowa: On the mechanism of 
variegation in bacterial colonies. An unstable smooth colony culture of 
Salmonella typhimurium exhibiting a high mutation rate to a stable rough type 
has been studied by a technique designed to demonstrate that, at least in this 
instance, the S—R transformation is a discontinuous change. The parent strain 
is a single-celled, smooth organism whose progeny are invariably mixtures of 
smooth and rough types. Rough colonies from this mixture give only rough. 
Employing a modified micromanipulator technique, single cells from a smooth 
colony are seeded upon a thin film of agar mounted on a cover slip on a moist 
chamber. After division the two daughter cells are separated by a microneedle 
and their location marked. Upon further division the separation is repeated 
until ultimately the cells are allowed to develop microcolonies which are trans- 
ferred to broth, incubated, and plated. If the original single cell was smooth, 
the ultimate single cell progeny cultures derived from it exhibit both colony 
types. If the ultimate single cell progeny isolated is a rough mutation then 
only rough colonies develop. Two mutations have occurred in 302 single-cell 
isolations of this type giving a mutation rate of 0.0066 per cell generation. In 
one of these isolates its sib-cell was inviable; in the other its sib-cell was smooth. 
Considering only the manner in which the changes occur, the simplest hypothe- 
sis is that the bacteria are haploid with a high mutation rate for the particular 
locus. However, the significantly higher frequency of inviable cells among the 
smooth bacteria indicate a more complex mechanism. 





ZELLE, MAx R., and GOWEN, JoHN W., Iowa State College, Ames, Iowa: 
Interaction of the genetic constitutions of host and pathogen in mouse typhoid. 
Among the factors responsible for the inception of epidemic disease, the sud- 
den appearance of a highly virulent pathogen in a suceptible community is of 
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first importance. The findings of these investigations indicate that high viru- 
lence results from the rare occurrence of a more pathogenic mutant within the 
bacterial population. Selection of the virulent form in the host results in the 
virulent form replacing the avirulent. The environments within genetically re- 
sistant and susceptible mice are equally favorable to the virulent bacteria. 
Four experiments, in each of which the same initial culture of Salmonella 
typhimurium was passed through both resistant and susceptible mice, uphold 
this viewpoint. In the first two experiments the original culture was a mixture 
of bacterial types differing in virulence. Increases in virulence occurred 
in both resistant and susceptible mice. The initial culture for the third 
experiment was a single cell culture of low virulence and slightly rough colony 
type. Ten passages through susceptible hosts resulted in no change in virulence. 
After one passage through resistant mice, virulence changed suddenly to sig- 
nificantly higher virulence. Examination of the resulting bacterial population 
showed it of predominately smoother colony type than its parent. Particular 
strains of virulent and avirulent bacteria may be classified by their phenotypic 
appearance. The differential replacement of the avirulent by the virulent bac- 
teria has been checked by introducing known mixtures of the two types into 
susceptible and resistant hosts. 
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